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TSOP 2017 

September 21-27, 2017 
Hyatt Regency Hotel, Calgary Alberta Canada 

 
CALENDAR OF EVENTS 

Thursday, Sept 21:  

8.00 am  Pre-meeting Field Trip: Coals of the Lower Cretaceous Horseshoe Canyon 

Formation, Southern Alberta Plains region and the Royal Tyrrell Museum of 

Palaeontology 

Departing from Wynham Hotel-Calgary Airport. 

 

Friday, Sept 22:  

8.30 - 5.00 pm   Registration       Grand Foyer (3rd Floor) 

8.30 - 5.00 pm  Short Course: Applications of Organic Petrography in the North American 

  shale petroleum systems   Imperial 4 (3rd Floor) 

6.00 - 8.30pm  Icebreaker    Atrium (3rd Floor) 

7.30 -10.30pm  Outgoing Council Meeting   Imperial Ballroom 4 (3rd Floor) 

 

Saturday, Sept 23:  

8.30 - 12.30 pm  Technical Presentations                   Imperial Ballroom 6/8 (3rd Floor) 

10.30 - 10.50 am Morning coffee break   Grand Foyer (3rd Floor) 

1.30 - 5.00pm  Technical Presentations  Imperial Ballroom 4 (3rd Floor) 

3.00 – 3.20 pm  Afternoon coffee break   Grand Foyer (3rd Floor) 

8.30 – 5.00pm  Poster session     Grand Foyer (3rd Floor) 

6.30 – 10.30pm  Conference Dinner   Thompsons Restaurant, Main Floor 
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Sunday, Sept 24: 

8.30 - 12.30 pm  Technical Presentations                   Imperial Ballroom 4 (3rd Floor) 

10.30 - 10.50 am Morning coffee break   Grand Foyer (3rd Floor) 

12.00 – 1.30pm  Business Luncheon   Imperial ballroom 5/6/7 (3rd Floor) 

1.30 - 5.00pm  Technical Presentations  Imperial Ballroom 6/8 (3rd Floor) 

3.00 – 3.20 pm  Afternoon coffee break   Grand Foyer (3rd Floor) 

8.30 – 5.00pm  Poster session     Grand Foyer (3rd Floor) 

6.30 - 10.30pm  incoming Council Meeting  Neilson 3 (3rd Floor) 

 

Monday, Sept 25:   

8.30 departure  Post-meeting Field Trip   Lobby of Hyatt Hotel 
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Registration desk:  Grand Foyer 1 

Icebreaker:   Atrium  

Technical Sessions:  Imperial Ballroom 6/8   

         Imperial Ballroom 4 

Poster displays:  Grand Foyer 3-4 

Exhibitors:  Grand Foyer 3-4 

Raman Demonstration: Walker Room 

TSOP Business Luncheon: Imperial Ballroom 5/7/9 

Council Meetings:  Neilson 3 

Conference Banquet:  Thompsons Restaurant, main floor 

Third Floor Room plan 
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ABSTRACTS FOR ORAL PRESENTATIONS 
(ALPHABETICAL ORDER BY 1ST AUTHOR) 

Integrating Mud Gas and Cuttings Analyses to Understand Local CGR Variation in 

the Montney Tight Gas Reservoir  

Akihisa, Kunio1*, Levi Knapp2, Kotaro Sekine3, Takashi Akai3, James Wood4,  
Omid Haeri Ardakani5 and Hamed Sanei5  

1 Faculty of Mining, University of Akita and Faculty of Engineering, Tokyo University, Japan 
2 Japan Oil, Gas and Metals National Corporation  
4 Encana Corporation 
5 Natural Resources Canada/Geological Survey of Canada, Calgary, Canada 

*presenting author 

The liquid content of produced hydrocarbon gas (or condensate gas ratio, CGR) is an important factor 
for detecting sweet spot areas in tight gas reservoirs. Anomalous areal change in the liquid component 
of produced hydrocarbon gas, not concordant with the regional thermal maturity trend, has been 
observed in the Lower Triassic Montney Formation of the Western Canada Sedimentary Basin. Wood 

and Sanei (2016) hypothesized that local CGR distribution was controlled by the updip migration of 
thermally degraded methane, along pathways that were possibly influenced by permeability variation. 
Exploration for liquids-rich areas requires delineation of these local CGR trends which may be possible 
by using mud gas and/or drill cuttings analysis.  

This study was carried out to investigate the relationship between rock properties and gas wetness, in 
order to better identify and characterize sweet spot areas. The study was conducted in two horizontal 

wells penetrating across a local CGR anomaly in a silty sand tight gas reservoir (Fig.1). First, the relation 
between mud gas components and CGR distribution was surveyed to confirm the applicability of mud 
gas wetness as a proxy for CGR. Second, permeability indices of drill cuttings were analyzed and 
examined with respect to changes in mud gas wetness in the selected wells (Fig.2). For cuttings analysis, 
available sample fragment size and sample volume were not necessarily sufficient for NMR 
measurements, which is regarded as an effective method to analyze permeability. Therefore, careful 

trial tests were carried out to find suitable sample and measurement conditions. In addition, another 
permeability index based on solid bitumen saturation and a modified Winland equation was applied to 
the cuttings analysis (Fig.3). For Montney-type reservoirs, permeability was found to be highly controlled 

by solid bitumen saturation (Wood et al., 2015).  Solid bitumen saturation was calculated using an 
experimental TOC to solid bitumen relationship. This method converts solid bitumen–derived organic 
carbon content, measured using Rock-Eval 6, into a solid bitumen saturation value.  

In this study area, a strong positive correlation was found between produced gas CGR and mud gas 
wetness ratio. Mud gas wetness was negatively correlated to cuttings permeability, suggesting methane 
migration occurred along high permeability, low bitumen saturation pathways. Based on these 

observations, both mud gas wetness and cuttings permeability indices were confirmed to be effective 
for detecting liquids-rich areas in immature developing areas. 

Keywords: CGR wetness-ratio, mud-gas cuttings, permeability, solid-bitumen 

 

Fig. 1 Horizontal well section crossing a local CGR anomaly area 
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Fig. 2 Cuttings NMR permeability versus mud gas wetness ratio in horizontal wells 

 

Fig. 3 Solid bitumen saturation versus cuttings NMR permeability 
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Organic matter fractions and their role in shale porosity in the Upper Ordovician 

Utica Shale, Canada  
 
Ardakani, Omid H.1*, Hamed Sanei1,2, Amin Ghanizadeh2, Denis Lavoie3, Zhuoheng Chen1, 

Christopher R. Clarkson2 
 
1Geological Survey of Canada, Calgary, AB, Canada 

2Department of Geoscience, University of Calgary, Calgary, AB, Canada 
3Geological Survey of Canada, Quebec, QC, Canada 

*presenting author  
 

This study discusses controlling factors on pore type variation and porosity in the mature to overmature 

Utica Shale samples in southern Quebec, using helium pycnometery, scanning electron microscopy 

(SEM) and X-ray diffraction (XRD) mineralogy. Samples from three wells at depths of ~400, 700, and 

2000 m cover a range of thermal maturity from late peak oil window to dry gas zone. The predominant 

organic matter (OM) constituents are bitumen, chitinozoans, and minor graptolites with mean total 

organic carbon (TOC) of 1.1 ± 0.4 wt. %. The mean porosity for oil and gas window samples decreases 

with depth from 3.9 to 2.6%, respectively. 

The dominant pore types can be divided into three major groups based on SEM imaging: (1) non-organic 

matrix porosity that can be further divided into intergranular, inter- and intra-crystalline porosity; (2) 

organic porosity that is limited to pores developed in OM (i.e., bitumen); and (3) fracture porosity, which 

includes dominant fractures in the rock matrix and micro-fractures within OM. The SEM images reveal 

that regardless of thermal maturity, chitinozoans have a non-porous structure throughout the oil to dry 

gas window, except for sporadic micro-fractures in their structure.  

Our data suggests that OM (i.e., bitumen fraction), especially in the dry gas window, is not the major 

controlling factor on overall porosity in the Utica Shale, whereas matrix porosity and mineralogy have 

more significant control. Textural and mineralogical changes have a dominant impact on controlling 

porosity in the studied Utica Shale samples. A decrease in overall porosity with depth suggests matrix 

porosity is the dominant component which decreased with burial compaction. It appears that in a single 

unit at various thermal maturities, various OM fractions and diagenetic changes can have a significant 

effect on reservoir quality of the rock.  

Keywords: Chitinozoans, porosity, total organic carbon, shale gas, shale mineralogy, scanning 

electron microscopy (SEM)  
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Geochemical and REY composition of the coal in Bangko coal field, South Sumatra 

Basin, Indonesia  

Anggara, Ferian*1, D. Hendra Amijaya1, T. Noely Tambaria and Amanda Sahri  

 
1 Universitas Gadjah Mada, Yogyjakarta, Indonesia 
*presenting author 
 

This paper reports characterisation and process of Rare earth elements and yttrium (REY) enrichment 
in Banko Coalfield, Tanjung Enim, and South Sumatra, Indonesia. Banko coalfield was a part of South 
Sumatra basin, which is gets influence of volcanic activity during its peat formation. Volcanic eruptions 
in the surrounding area produced ash which accumulated as claystone layers or tonsteins in the coal 
seams. In the Muara Enim Formation, only five main coal seams layer e.g. the A1 and A2 (Mangus) 
seams, B1 and B2 (Suban) seams as well as C (Petai) seams are considered economic enough to be 

mined. Banko Coalfield consist of at least 27 coal layers, 14 parting layers and 4 tonsteins layers. The 
mineralogy of the coal and tonsteins has been evaluated using thin section and qualitative X-ray 
diffraction (XRD) techniques. Coals and tonsteins are mainly consisting by quartz, kaolinite, and minor 
boehmite. Result of ICP-AES analysis showing that all tonstein in interseam layer A1 and a tonstein in 

the lower C seam could be determined as mafic tonstein (TiO2 /Al2O3>0,08), while a tonstein in the 
upper C seam determined as alkaline tonstein (TiO2 /Al2O3=0,02-0,08). 

Concentration of REY in Banko Coalfield shows same trend with Chinese and world hard coal, where Ce, 
La, Nd, and Y has higher content than other rare earth elements. Normalized concentration of REY in 
Banko Coalfield by upper continental crust (Taylor and McLennan, 1985), showing trend that being more 

pronounced in HREE. Compared to Chinese coals and to world hard coals, the coal from Banko Coalfield 
is enriched in SiO2 (26.48%), Al2O3 (11.24%), TiO2 (0.35%), MnO (0.019%) and has a higher SiO2/Al2O3 
ratio (2.35) due to the higher proportions of quartz compared to the proportions of boehmite or kaolinite 
in the coal. Inductively coupled plasma-mass spectroscopy (ICP-MS) analysis show the higher REY 
concentrations found on the coal layers with a thickness less than 0.85 m, while the highest REY in 
Bangko coal found in the upper C seam, under the layer of alkali tonstein (118.4 ppm). Maceral analysis 

in the coal under tonstein layers shows higher fusinite, semifusinite, and inertodetrinite, since it was 
formed in the well drained swamp areas. The coal contains quartz, kaolinite and boehmite mineral. The 
boehmite may have been formed from the leachate of detrital sediment, including volcanic ash, rich in 
Al and precipitated as authigenic boehmite in the underlying coal. REY type in Bangko coal and non-coal 

samples could be determined to H-type and H-M type. Mostly, REY type of enrichment in Bangko are H-
type, owning respectively to the weathered of alkali rich-tonsteins (volcanic ash controlled) and surface 
water effects. 

Keywords: Indonesia low rank coal, Muara Enim formation, tonstein, volcanic ash 
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The petrographic analysis of waste generated during the gasification process  

Bielowicz, Barbara  

Faculty of Geology, Geophysics and Environmental Protection, AGH University of Science and 
Technology, Kraków, Poland 

The bituminous coal from the Janina deposit has been subjected to the gasification process in an 
atmospheric CFB (circulating fluidized bed) gasification reactor using CO2 as a gasifying agent. The 
gasification process has been performed in the Institute for Chemical Processing of Coal in Zabrze. The 
gasification was carried out at 889-980oC. Then, the analysis of the combustion process of coal and char 

resulting from the gasification of bituminous coal in the "Janina" coal mine was carried out at the 
Czestochowa University of Technology. Fluidized bed combustion tests, including oxy-combustion, was 
performed on chars. The gaseous and solid products of the process were determined. High levels of 
combustibles, particularly unburned coal, were found in the ashes resulting from the combustion of coal. 
In the petrographic analysis, coal samples before the gasification, char samples produced during the 
gasification process, and bottom ash and fly ash samples were used. The collected samples were 
analyzed using a wavelength dispersive X-ray spectrometer (WDS). The coal samples were examined 

using a JEOL JXA-8230 superprobe electron microprobe in order to analyze the chemical composition of 

solids in the micro area (< 1 µm). The elemental composition analysis in the micro area was performed 
using an energy dispersive spectrometer (EDS X-ray microprobe analysis) for all elements from boron 
to uranium. The quantitative analysis of the elemental composition using the secondary wavelength-
dispersive X-ray spectroscopy (WDS) was performed using five spectrometers. The structure of waste 
and char was examined using a FEI Quanta 200 FEG Field Emission Scanning Electron Microscope. The 
mineral composition was determined with qualitative and quantitative X-ray analysis of the samples 

carried out using a Philips X'pert APD diffractometer. 

According to the coal classification, the coal subjected to gasification process is para bituminous 

(medium-rank D), high-volatile C bituminous coal, a reflectance of 0.55%, total moisture of 18.8%, ash 
content (dry basis) of 15.8%, volatile matter of 40.44%, and net calorific value of 19.7 MJ/kg. The 
petrographic composition is dominated by the vitrinite group (55%). The liptinite group has a share of 
9%, the inertinite group: 29%, while mineral matter content is 7%. Pyrite, quartz, kaolinite, siderite, 
illite, and dolomite are observed in the mineral composition. The char contained 32% of ash (dry basis), 
8% of volatile matter (dry, ash free basis), and 0.5% of total moisture. Its net calorific value is 22.2 
MJ/kg. The dominant particles in the residues after the gasification process are inertoid and 

crassinetwork. The macerals from the inertinite group do not change their form during the gasification 
process. Quartz and dolomite can be observed in the mineral composition. Quartz, illite, hematite, 
microcline, anhydrite, and amorphous fractions were observed in bottom ash obtained during the 
combustion of coal. In addition, the presence of magnetite in the fly ash has been confirmed. 

Hematite, quartz, anhydrite, and illite were found in the fly and bottom ash resulting from the 
carbonization process. In the bottom ash, microcline and calcite can be observed, while albite and 
periclase are present in fly ash. The amorphous fraction is the most frequently observed among all the 
analyzed samples. The ashes of the "Janina" char are dominated by silicon oxide, amounting up to 30%. 
The concentration of aluminum oxide (15 - 17%) and iron and calcium oxides is lower. The samples of 

fly ash were analyzed for the content of combustible matter - coal. The research has confirmed 
significant amounts (30%) of unburned coal in ash from the "Janina" char. 

Keywords: coal, gasification, char, fly ash 

  



14 
 

Comparative Study of Methyldiamondoid abundances as maturity estimates with 

conventional maturity proxies: Examples from West Texas and Northern South 

America  

Carvajal-Ortiz1*, Humberto and Thomas Gentzis1 
1Core Laboratories, 6316 Windfern Road, Houston, TX 77040, USA 
*presenting author 

Diamondoids are a class of cage-like hydrocarbons that are structurally similar to small pieces of 
diamonds. Their formation from polycyclic precursors parallels their dynamic stability. They naturally 
occur in virtually every oil and condensate, as well as in source-rock extracts. Their ubiquitous nature 
in oils and extracts of any thermal maturity and their proven stability with increasing thermal maturity 
makes them useful as thermal maturity proxies past peak oil window and to identify mixtures of low 
and high maturity fluids. Therefore, diamondoids are used as an alternative and novel thermal maturity 

proxy, especially in high thermal-maturity settings, where other maturity indicators (e.g., biomarker 
ratios) are absent or unreliable. Although the use of diamondoids is relatively novel, two relationships 
using methyldiamondoids are constantly used to stablish thermal-maturity relationships between oils, 
and between oils and extracts (the methyldiamantane index, MDI), and to identify mixtures of fluids 
with different thermal maturities (3-+4-methyldiamantane concentration vs. Stigmastane 

concentration). 

The present comparative study shows how methyldiamantane proxies from West Texas oils and extracts 
(such as those sourced from the Woodford Shale), and in oil samples from Northern South America 
(Colombia, Ecuador) show overall a very good agreement with classic maturity proxies, such as Tmax 

values from Rock-Eval pyrolysis and vitrinite reflectance (VRo) and fluorescence of organic matter. 
However, caution is advised when using methyldiamondoid-derived proxies in the presence of drilling-
additive contaminants (e.g., oil-based mud or OBM) and of oils and extracts that have experienced 
biodegradation. The latter is probably a highly unrecognized issue when using methyldiamondoids, 
which can result in erroneous maturities and mixing interpretations. We recommend, based on the 
results from the present study, the necessity of a holistic, multi-proxy approach, based on the 
integration of geochemical-screening, organic petrography, and molecular geochemistry techniques as 

the best possible solution when dealing with such geochemical conundrums. 

Keywords: Diamondoids; Methyldiamantane; Thermal Maturity; oil-source rock correlation;     

Geochemistry 



15 
 

Mineralogy and geochemistry of the Late Permian No. 5 coals from the Nantong 

coalfield, Chongqing, southwestern China  

Chen, Jian1*, Ping Chen1, Duoxi Yao1 and Youbiao Hu1  

 
1 Anhui University of Science and Technology  
*Presenting author 

The Nantong coalfield is one important area of coal production in the southwestern Chongqing of China, 
immediately adjacent to the Songzao coalfield. Due to the input of geochemically different volcanic 
ashes, the Songzao coals are highly enriched in Nb, Ta, Zr, Hf, REY, Hg, and Se (Zhao et al., 2015), 
e.g., the enrichment of Nb, Ta, Zr, Hf, and REEs in the No. 11 coal due to the alkaline volcanic ashes 
(Dai et al., 2007), and the elevated Sc, V, Cr, Co, Ni, Cu, Ga, Y, Zr, Nb, and REEs in the No. 12 coal 
derived from mafic tuffs (Dai et al., 2010). Moreover, the leaching of the volcanic claystones in the 
Songzao Tonghua coal led to the deposition of anatase and rhabdophane (Zhao et al., 2013). However, 

the geochemistry of both trace elements and REY in the Donglin Nos. 4 and 6 coals from the Nantong 
coalfield eliminate the impact of various volcanic ashes and terrigenous input from the Kangdian Oldland 
(Chen et al., 2015). The No. 5 coal, one mineable coalbed in this area, is lack in the information on the 
mineralogy and geochemistry. 

A total of nine samples (including one roof sandstone sample and one floor mudstone sample, and seven 
coal samples) were collected from the workface of the No. 5 coal in the Nantong Coal Mine. The minerals, 
major element oxides, and trace elements were analyzed by LTA-XRD in combination with Siroquant 
software, XRF, ICP-MS, ICP-CCT-MS (As and Se), ISE (F), and DMA-80 Hg analyzer (Hg). 

The Nantong No. 5 coal indicates a medium ash and high sulfur coal according to Chinese National 
Standards (16.01-29.00% and >3.00%) (GB/T15224.1-2004, 2004; GB/T15224.2-2004, 2004). The 
ash yields and total sulfur of samples in the upper part (NT-5-0, NT-5-1, NT-5-2, and NT-5-3) are higher 

than that of the lower part (NT-5-4, NT-5-5, and NT-5-6). The volatile matter of Nantong No. 5 coal 
ranges from 14.66 to 18.25%, averaging 16.82%, suggesting a rank of low volatile bituminous coal 
(ASTM Standard D388-12, 2012). 

The minerals are mainly composed of kaolinite, montmorillonite, quartz, calcite, anatase, and pyrite. 
Compared to the common Chinese coals (Dai et al., 2012), Be, Cr, Se, Zr, Nb, Mo, Ag, Hf, and Hg are 

slightly enriched, while F and Ta are enriched in the Nantong No. 5 coal, which differentiates the Donglin 
Nos. 4 and 6 coals (slight enrichment of Se, F, Hg, Nb, and Ta in the No. 4 coal, and F, Be, Ga, Ge, Zr, 
Nb, and Ta in the No. 6 coal). The upper part of the No. 5 coal is slightly enriched in Be, F, Se, Mo, and 
Ta, while the lower is slightly enriched in Li, Be, F, Cr, Ag, Cd, In, Sn, Hf, and Th, enriched in Se, Zr, 

Nb, and Hg, and significantly enriched in Ta. Dai et al. (2011) summarized the geochemical 
characteristics of silicic (low REEs content but with significant fractionation between LREE and HREE), 
mafic (high concentrations of Sc, V, Cr, Co, and Ni), and alkali (Nb, Ta, Zr, Hf, Ga, and REEs) tonsteins 
in the Songzao coalfield. The Nantong No. 5 coal might be influenced by alkali volcanic ashes, which 
exerted different impacts on the upper and lower part of this coalbed. Lithium, Zr, Nb, Ag, Cd, In, Sn, 
Hf, Ta, Th, U, and REY are enriched in coal NT-5-4 and floor rock NT-5-7, which may be related to the 
alkaline volcanic ashes as the Songzao No. 11 coal. The concentration of REY in the Nantong No. 5 coal 

(averaging 258 mg/kg) is higher than that of Donglin Nos. 4 and 6 (98.8 and 116 mg/kg) and Chinese 
coals (136 mg/kg). Almost all samples present a common pattern, i.e., a significant negative Eu 
anomaly, obviously differentiating the Emeishan basalt. 

References 

ASTM Standard D388-12, 2012. Standard classification of coals by rank, ASTM International, West 
Conshohocken, p. PA. 
Chen J., Chen P., Yao D., Liu Z., Wu Y., Liu W., Hu Y., 2015. Mineralogy and geochemistry of Late 
Permian coals from the Donglin Coal Mine in the Nantong coalfield in Chongqing, southwestern China. 

International Journal of Coal Geology 149, 24-40. 
Dai S., Zhou Y., Ren D., Wang X., Li D., Zhao L., 2007. Geochemistry and mineralogy of the Late 
Permian coals from the Songzao Coalfield, Chongqing, southwestern China. Science in China Series D: 
Earth Sciences 50, 678-688. 
Dai S., Wang X., Chen W., Li D., Chou C.-L., Zhou Y., Zhu C., Li H., Zhu X., Xing Y., Zhang W., Zou J., 
2010. A high-pyrite semianthracite of Late Permian age in the Songzao Coalfield, southwestern China: 



16 
 

Mineralogical and geochemical relations with underlying mafic tuffs. International Journal of Coal 
Geology 83, 430-445. 
Dai S., Wang X., Zhou Y., Hower J.C., Li D., Chen W., Zhu X., Zou J., 2011. Chemical and mineralogical 
compositions of silicic, mafic, and alkali tonsteins in the late Permian coals from the Songzao Coalfield, 

Chongqing, Southwest China. Chemical Geology 282, 29-44. 
Dai S., Ren D., Chou C.-L., Finkelman R.B., Seredin V.V., Zhou Y., 2012. Geochemistry of trace elements 
in Chinese coals: A review of abundances, genetic types, impacts on human health, and industrial 
utilization. International Journal of Coal Geology 94, 3-21. 
GB/T15224.1-2004, 2004. Classification for quality of coal - Part 1: ash, Chinese National Standard, 
Beijing. General Administration of Quality Supervision, Inspection and Quarantine of the People's 
Republic of China (in Chinese). 

GB/T15224.2-2004, 2004. Classification for coal quality - Part 2: Sulfur content, Chinese National 
Standard, Beijing. General Administration of Quality Supervision, Inspection and Quarantine of the 
People's Republic of China (in Chinese). 
Zhao L., Ward C.R., French D., Graham I.T., 2013. Mineralogical composition of Late Permian coal seams 
in the Songzao Coalfield, southwestern China. International Journal of Coal Geology 116-117, 208-226. 
Zhao L., Ward C.R., French D., Graham I.T., 2015. Major and trace element geochemistry of coals and 

intra-seam claystones from the Songzao coalfield, SW China. Minerals 5, 870-893. 
 

Keywords: Mineralogy, Geochemistry, Coal, Chongqing, China 

  



17 
 

The Evolution of Petrophysical Properties during Thermal Maturation: Examples 

from the Montney and Duvernay Formations, Alberta, Canada  

Clarke, Katherine1* Christopher Clarkson1, Hamed Sanei, Per Pedersen1, Amin Ghanizadeh1, 

Atena Vahedian1, Behrad Rashidi1 and Chengyao Song1  

1 Department of Geoscience, University of Calgary  
2 Geological Survey of Canada-Calgary, Calgary, Canada 
*presenting author 
 
Rock-Eval pyrolysis is a standard technique used to evaluate the hydrocarbon-generating potential of a 
formation by quantifying its organic matter content and thermal maturity. By utilizing a new Rock-Eval 
procedure, in which the heating rate is slowed down over an extended temperature range, previous 

studies (Sanei et al. 2015) have demonstrated that different hydrocarbon components can be more 
easily distinguished because of enhanced peak resolution. Until now, the effect of this new pyrolysis 
procedure on petrophysical properties of the rock have not been quantified; a study of this nature may 
provide insight into the impact of various types of organic matter on reservoir quality. 

It is therefore the aim of this project to observe the evolution of organic matter and petrophysical 

properties of tight formations during pyrolysis using this new Rock-Eval procedure.  Specifically, the 
effects of differing hydrocarbon components on the pore network and reservoir quality are determined, 
and the evolution of porosity, pore-size distribution, internal surface area, and permeability during this 
pyrolysis procedure are quantified. 
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Study on the Correlation between Trace Elements in Coal and Coal-forming Plants 

in Yan’an Formation of Middle Jurassic, Ordos Basin 

Du, Meili*, Jinwen Fan, Jinren Zhang, Yuchu Cai and Gang Li  

 

College of Chemistry and Chemical Engineering, Xi'an University of Science and Technology, Xi'an, 
China 
*presenting author 

This study examines the distribution characteristics of trace elements in coal, the type of coal-forming 
plants and the relationship between coal-forming plants and trace elements in coal of Yan’an Formation 
(J2y) of middle Jurassic in Northern Shaanxi province and its adjacent areas in Erdos basin. 

The 20 trace elements of coal such as B, P, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, As, Se, Sr, Mo, Ag, Cd, Ba, 
Hg, Tl and Pb etc. are discussed systematically by ICP-AES. The contents of Cr, Mn, Zn, As, Se, Ag, Cd, 
Ba, Pb and Tl etc. were higher than national average of China, and the contents of Be, B, V, Co, Ni, Ga, 

Sr, Mo etc. were overall lower. 

The sporo-pollen analysis and the cuticular analysis are used to analyze coal in the area. Fifty seven 

genera and 159 species of spore and pollen were found. The dispersed cuticles mainly come from 3 
kinds of fossil plants, such as Ginkgophyta, Cycadophyta and Coniferophyta etc. The results showed 
that the coal-forming plants were composed of 17 families such as Lycopodiaceae, Equisetaceae, 
Osmundaceae, Lygodiaceae, Cyatheaceae, Gleicheniaceae, Dicksoniaceae, Pteridaceae, Dipteridaceae, 
Polypodiaceae, Cycadaceae, Ginkgoaceae, Podocarpaceae, Pinaceae, Cupressaceae, Taxodiaceae and 
Ephedraceae etc. Polypodiaceae was dominatant in Pteridophyte, and Cyatheaceae, Osmundaceae and 
Lycopodiaceae ranked second in it. Ginkgoaceae, Cycadaceae and Podocarpaceae accounted for 

absolute advantage in Gymnosperms 

Through the Pearson correlation coefficient analysis, the 7 elements, B, Tl, Sr, Ag, Mo, As, and Cd etc. 

were highly correlated with Equisetaceae, Osmundaceae, Cyatheaceae, Lycopodiaceace and 
Polypodiaceae in Pteridophyte, and the 8 elements such as As, Pb, Zn, Se, V, Ga, As and Ni etc. were 
significant correlation with Ginkgoaceae, Cycadaceae, Podocarpaceae, Pinaceae, Cupressaceae and 
Ephedraceae in Gymnosperms. 

Keywords: Coal, Trace Elements, Plants, Correlation 
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Preliminary analyses were carried out on five core samples taken from the Upper Devonian-Lower 
Mississippian Bakken shale Formation in Williston Basin, North Dakota, USA, to understand the 
petroliferous characteristics of such an important productive hydrocarbon source rock. The samples 
came from different locations and depths. Rock-Eval pyrolysis was carried out using the Source-Rock 

and modified (Shale Reservoir) pyrolysis methods. For the four shallowest samples, the data showed 
TOC from 13-25wt% and indigenous S1 of 6-7 mg HC/g rock. The Tmax values ranged from 419 to 450oC, 

indicating the organic matter in these samples cover a wide maturity range (from immature to mature). 
The four samples show a good/excellent generative petroleum potential with the S2 ranging from 47 to 
130 mg HC/g rock, corresponding to 1000-3000 bbl oil/ac-ft from kerogen conversion. Fluorescing 
organic matter is mainly type II to I (HI 350-560 mg HC/g TOC and OI is less than 8 mg CO2/g TOC). 
Non-fluorescing solid bitumen to weakly-fluorescing pre-oil bitumen generated from the transformation 
of algae to hydrocarbons are present in the samples. All reflectance measurements were made on the 
solid bitumen and converted to vitrinite Ro-eq using published conversion models. 

Petrographic analysis, using both reflected and transmitted white and UV light sources, shows well-
preserved algal cysts, acanthomorphic acritarchs, and pollen. The algal cysts are mostly marine 

prasinophyte green algae, such as Tasmanites, Cymatiosphaera, Crassosphaera, Leiosphaeridia, 
Pterospermella and few highly-degraded representatives of freshwater Pediastrum chlorococcalean 
algae.  The acritarchs show a fair to moderately diverse assemblage. Terrestrial monosulcate and 
monosaccate gymnosperm pollen grains, traces of terrestrial resin from conifers, and rare Pediastrum 

fresh water algae are allochthonous and brought into the basin by means of fresh water influx. In 
addition, very rare forms of thio-bacteria showing extensive degree of microbial degradation were noted. 
A moderately high percentage of palynomorphs also showed complete alteration and conversion into 

sapropelic amorphous organic matter (AOM) of the spongieuse type, deposited in highly-reducing 
(anoxic) conditions, characterized by pyrite enrichment. AOM made up almost 95% the total organic 
matter, along with oozes and gel, while woody phytoclasts were rarely seen. The textural features 
enabled the recognition of different types of AOM following the approach of Thompson and Dembicki 
(1986). 

The five Bakken samples were also subjected to high-frequency (HF) NMR and laser micro-pyrolysis 
GCMS (LmPy-GCMSMS) analyses. HF NMR measures all hydrogen in water, oil and solid organic matter 
and reports two physical properties associated with molecule mobility, the T1 and T2 relaxation times, 
which in turn can be used to differentiate solids from liquids, and mobile from immobile hydrocarbons. 

It can also measure quickly (compared to the traditional Dean-Stark) the water and oil saturations as 
well as the oil and water porosities of the samples. LmPy-GCMS results in the thermal cleavage of 
chemical bonds within the macromolecular structure producing a suite of low-molecular weight chemical 

moieties, including heteroatom compounds. Pyrolysis products are shown in the form of n-alkene/n-
alkane pairs. The objective is to identify the molecular composition of the reactive kerogen (S2 
parameter from Rock-Eval pyrolysis) in the Bakken organic matter (bitumen and algae/palynomorphs) 
upon maturation, which will complement the organic petrology, Rock-Eval pyrolysis, and organofacies 

aspects of the study. Work on the NMR and LmPy-GCMSMS analyses is in progress. 
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Located in the northern part of Xinjiang Uygur Autonomous Region, NW China, Junggar Basin is one of 
the four largest proliferous basins in China with its hydrocarbon resources and yearly oil and gas 
production being 107 × 109 t and 1 × 103 t, respectively. Compared with the proven ratio of oil reserves 
(24.4%), the proven ratio of natural gas reserves only reaches 8.5%, indicating a favorable prospecting 
potential for natural gases in the basin. 

The southern thrust belt is a significant gas producing area in the Junggar Basin. Molecular and carbon 
isotopic compositions of 41 gas samples from 9 gas fields/reservoirs were discussed in this study. In 
addition, a comparative study was performed on the geochemical characteristics of primary source rocks 

[Lower–Middle Jurassic (J1–2), Cretaceous Tugulu group (K1tg) and Paleogene Anjihai Formation (E2–3a)] 

in the study area. The K1tg and E2–3a source rocks are characterized by kerogen type I–II1 and just 
enter the main oil-generating window. The J1–2 source rocks are gas-prone which are characterized by 
kerogen type II2–III. The J1–2 source rocks in situ are currently at mature stage while those in the 
Shawan and Fukang depressions are at high mature–over-mature stages. 

Except for those form Santai oil/gas field, carbon isotopes of natural gases form Southern Junggar Basin 
are relatively heavy, with the δ13Cmethane and δ13Cethane values being -38.4‰–-29.3‰ (-33.2‰ on 
average) and -27.1‰–-17.4‰ (-23.9‰ on average), respectively. The gas dry coefficients (C1/C1–5) 
are 0.72–0.98 (0.92 on average), with the main interval varying from 0.90 to 0.98. The low molecular 
weight hydrocarbons associated with the natural gases are abundant in aromatics and cycloalkanes, 

indicating a humic origin. Thus, these gases were primarily derived from the J1–2 source rocks in the 
Shawan and Fukang depressions with part of them being derived from the in situ J1–2 coal measures. 
The admixture of coal-derived gases with different maturities resulted in the partial reveals of carbon 
isotopes between the C2–4 gas components 

The δ13C values of methane from Santai oil/gas field vary from -51.4‰–-45.6‰, which are more 
positive than those of primary microbial gases but more negative than those of coal-derived gases. All 
these gases are dry gas with the gas dry coefficients of 0.96–0.99. The depths of gas pay zones are 
relatively shallow (1060–2602 m) and the reservoir temperature is lower than 75 oC. Most of the oils in 
these reservoirs are biodegraded. As a result, the methane is probably secondary microbial methane. 

Some C2–4 gas components were also observed in these gases indicating the admixture of a small 
amount of thermogenic gases. 

A large number of gas fields were discovered in the piedmont thrust belts in the Tarim and Turpan–
Hami basins of Xinjiang Uygur Autonomous Region. These gases were all derived from J1–2 coal measures 
and share a similar accumulation process with those in Southern Junggar Basin, which shed light on a 
great potential for gas exploration in the study area. 
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Molybdenum (Mo) is often used as a geochemical proxy in “black” shales to assess depositional redox 
conditions, specifically identifying suldific episodes. Measuring Mo isotopes and total concentration has 
allowed researchers to make major breakthroughs interpreting and reconstructing the timing of early 
Earth’s atmospheric oxygen levels. Additionally, isotopic variations of Mo in the sedimentary record are 

useful to determine intensity of euxinia or identify mineral phase interactions (e.g., Mo + Mn or Fe 
oxides).  Currently, however, the interpretation of Mo systemics is too qualitative, which can lead to 
misinterpretation limiting the full potential of the proxy. Quantifying Mo speciation in sedimentary rocks 
can solve these issues while enhancing our knowledge of the geologic record. Our research uses X-ray 

Absorption Fine Structure (XAFS) as an innovative approach to measure Mo speciation in the rocks. 
Using XAFS measurements Mo oxidation state, coordination chemistry, and speciation can be directly 
observed in situ. 

In western Canada, rocks deposited in the lower Triassic are considered to be economically important 
due to significant amounts of oil and gas present. The Montney formation is composed of “black” shale 

with interbedded siltstone and sandstone packages in transgressive-regressive cycles. Based on field 
and well observations, the Lower Montney shales have been interpreted to be a distal offshore 
environment with an anoxic or possibly euxinic water column aiding in organic matter preservation. 
However, recent research characterizing organic matter fractions suggest that some organic matter 
migrated into the formation post-depositionally. 

Preliminary results from XAFS measurements reveal that diagenesis altered Mo speciation indicating 
anoxia or euxinia may have not been likely in the water column. Using combined analysis of organic and 
inorganic geochemistry, these results can help improve the geologic interpretation of hydrocarbon 
source rocks. By measuring Mo speciation and identifying the geochemical parameters controlling it in 

the sedimentary records, we will advance our ability to disentangle the original signal versus any 
diagenetic effects, and thus improve our understanding of the redox conditions that were prevailing at 
the time of deposition.  

Keywords: Molybdenum, Black shale, Euxinia, Speciation, XAFS 
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South Flank Arbuckle Anticline is located within the Arbuckle Mountains in south part of the Oklahoma 

State, USA. The Arbuckle Mountains have been intensively studied for hydrocarbon sources rock and 

reservoir rock. Samples were taken from the mountain slope (a ditch along the highway). The whole 

profile consists of mudstones (black shales) interbedded with silica rocks. Within the Woodford Shale 

the Devonian/Carboniferous boundary is located. For the whole profile a palynological investigation has 

been carried out. 26 samples were taken from the 5030 cm section. A standard palynological laboratory 

procedures for organic samples were done in order to remove mineral matter (Wood et al. 1996). 

A palynofacies analysis was done. In order to carry out this kind of investigation a quantitative analysis 

was done. Leiosphaeridia, Tasmanites, Maranhites, scolecodonts and acritarchs were counted together 

up to 500 as an indicators of marine environment. Phytoclasts and miospores were using in the same 

way as a terrestrial components. The ratio of phytoclasts, palynomorphs and AOM was used to 

characterize palynological organic matter. 

All investigated samples were extremely dominated by amorphous organic matter (AOM). Almost all 

samples contained large amounts of medium preserved palynomorphs, mostly represented by 

prasinophytes (Leiosphaeridia sp., Tasmanites sp.). Acritarchs were also present but in very limited 

number (mostly Gorgonisphaeridium sp.). The total number of the terrestrial palynomorphs was very 

restricted and it was represented mostly by plant remains (phytoclasts, both opaque and non-opaque 

ones). Miospores appeared only as a single specimens and in general were not well preserved. 

From the biostratigraphical point of view investigated profile is problematic, a proper miospore zone was 

not establish yet, mostly because of poor preservation of sporomorphs. The presence of large amount 

of AOM indicates a deposition in a very stress conditions with low oxygen amounts and high primary 

productivity. Morphology of the acritarchs, their variability, changes in their diversity and total ratio of 

microphytoplankon were used as a indicators of paleoenvironment (Batten, 1996; Wicander and Wood, 

1997). Analyzed data indicate deposition in deep marine, open basin environment, but in the topmost 

samples a significant decrease in total number of phytoplankton can be noticed. Also, an increase in 

number of phytoclasts was observed. This kind of changes could be interpreted as a signal of shallowing 

the basin and probably a small regression-peak. 

References 

Batten, D.J., 1996. Palynofacies and palaeoenvironmental interpretation. In: Jansonius, J., McGregor, 
D.C. (Eds.), Palynology: Principles and Applications. Am. Assoc. Stratigr. Palynol. Found. 3, 1011–1064. 

Wood, G.D., Gabriel, A.M, Lawson, J.C., 1996. Palynological techniques – processing and microscopy. 
In: Jansonius, J., McGregor, D.C. (Eds.), Palynology: Principles and Applications. Am. Assoc. Stratigr. 
Palynol. Found. 1, 29–50. 

Wicander, R., Wood, D. R., 1997. The use of microphytoplankton and chitinozoans for interpreting 

transgressive/regressive cycles in the Rapid Member of the Cedar Valley Formation (Middle Devonian), 
Iowa. Review of aleobotany and Palynology.98, 125 – 152. 

Research was founded by MAESTRO grant, "Dee-pwater Devonian environments as a key to 
understanding the global ecosystem perturbations" nr UMO-2013/08/A/ST10/00717 

 

Keywords:  

Devonian palynology anoxia prasinophytes AOM    



26 
 

Rock-Eval analysis of shale and tight reservoir rock samples: pitfalls and new 

applications  

Jiang, Dennis1* and Zhuoheng Chen1  

Geological Survey of Canada-Calgary, Calgary, Canada  

*presenting author 

Capable of generating a suite of parameters (i.e. S1, S2, TOC, Tmax, HI and OI) from a single analysis 
to provide information on organic matter richness, type and thermal maturation of a shale sample, Rock-
Eval analysis has probably become the most widely used technique for assessing the quality and quantity 
of petroleum hydrocarbon resources associated with shale source rocks and tight reservoirs.  However, 
the use of these apparently meaningful parameters can be affected by many factors such as sample 
contamination, sample storage and preparation as well the nature of the sample itself, which has not 
been made aware to many geologists. For example, despite the routine use of Rock-Eval S1 peak to 
estimate the amount of free liquid hydrocarbons present in the rock systems (Peters, 1986; Jarvie 

2012), what S1 represents chemically for a particular shale or tight reservoir sample and how it is 
affected by the sample condition are not clear to many geologists and engineers.  This is best illustrated 
in Figure 1 that shows the effect of evaporative loss on the amount and composition of S1 peaks (Jiang 
et al., 2016).  Even for the S2 peaks and the related hydrogen index (HI) values that have been widely 

used as a measurement of the hydrocarbon generating potential of source rocks, a lack of information 
on the type of sample can also lead to misinterpretation of the Rock-Eval results. 

 

Figure 1. Rock-Eval hydrocarbon pyrograms and TD-GC-FID traces showing the composition of free 
hydrocarbons S1 for a Ordovician Lorraine shale core sample immediately after grinding (upper) and 

21 hours after grinding and exposed to air (lower). Note that the core was taken during water well 
drilling and stored at ambient conditions for 6 months before lab analysis. 

The presentation will also highlight some new applications of the Rock-Eval results in the areas of 
estimating carbonate content and hydrocarbon generation kinetics. Mineral carbon content (MinC%) 
produced by Rock-Eval 6 and other equivalent instruments such as Wildcat Technologies’ HAWK can be 
used as a reliable quantitative indicator of carbonate content in the rock samples (Jiang et al., 2017). 
In addition to validating the quality of S2 peaks and Tmax values, the Rock-Eval hydrocarbon FID-
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pyrograms can also be used for quick evaluation of the hydrocarbon generation kinetics (Chen et al., 
2017a). Furthermore, a dataset of HI and Tmax from routine Rock-Eval analysis on samples from across 
a basin can be used to estimate the kinetics parameters Ea (activation energy) and A (frequency factor) 
(Chen et al., 2017b). All this can be achieved by utilizing legacy results from regular Rock-Eval analysis 

at no extra cost. 
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Low permeability often renders a significant fraction of coal seam gas (CSG) resources sub-economic. 
An effective permeability enhancement strategy is therefore crucial in monetising these resources. 
This paper introduces the concept of using oxidants for permeability enhancement.   

This study examined a low permeability CSG coal sample from the Bandanna Formation of Bowen 
Basin in Queensland, Australia. A swelling test based on time-lapse photography and image analysis 
was used to assess the extent and rate of change in coal particle size. The swelling profiles of coal 
particles were examined in various potential oxidant stimulants including sodium hypochlorite 
(NaClO), potassium permanganate (KMnO4), hydrogen peroxide (H2O2) and potassium persulfate 
(K2S2O8). Complementary leaching tests determined the extent of coal solubilisation by quantifying the 

change in coal mass and organic carbon content of the leachate.  Results indicate that coal 
solubilisation (maximum mass loss = 15%), the propensity to swell (maximum particle size increase = 
15%) and coal cleavage alter the coal samples to various degrees when exposed to the different 

oxidants. NaClO was chosen as the most promising oxidants in terms of coal permeability 
enhancement. Subsequent coal core flooding tests measured the change in permeability after NaClO 
treatment and Micro X-ray computed tomography (CT) scanning examined the coal core structure and 
explained the permeability change.  
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It is believed that most of the permeability in shale is controlled by organic matter contained in the 
matrix and a large portion of methane is sorbed onto the surface of pores within the organic material. 

However, the mineralogical composition of shale is quite variable which may affect how fluids move 

through a reservoir. We have used neutron scattering to study the effect of mineral matter on the 
accessibility of pores in Marcellus Shale samples to water and toluene. Three Devonian Marcellus Shale 
samples, representing quartz-rich, clay-rich, and carbonate-rich facies, were examined with the 
contrast matching technique of Melnichenko and others (2012). We used deuterated water (H2O/D2O) 
and toluene (C7H8/C7D8) mixtures as probe molecules to examine open and closed pores and 

wettability on the small angle scattering diffractometer (KWS-1 – SANS) and the very small angle 
scattering diffractometer (KWS-3 – VSANS) instruments at the Jülich Centre for Neutron Science. The 
combination of the two instruments allowed for the measurement of pore radii at length scales of 
approximately 0.01 – >100 nm. 

Results show that the fractal dimension for the quartz-rich sample (Mar-1) is higher than for the clay-
rich (Mar-2) and carbonate-rich (Mar-3) samples. Although the average pore radius is approximately 
the same in all three samples, the density of pores is highest in the clay-rich sample and lowest in the 
quartz-rich sample. We suggest that this is correlated to TOC as TOC is highest in Mar-2 and lowest in 
Mar-1. 

Contrast matching (CM) with H2O/D2O and Toluene/D-Toluene mixtures show that the accessibility of 
pores to water and toluene vary among the samples. In general, water accesses approximately 70–

80% of the larger pores (>100 nm) in all three samples. As pore size decreases, the fraction of 
accessible pores decreases, but the quartz-rich sample exhibits lower pore volume accessibility than 
the clay- and carbonate-rich samples. At even smaller pore sizes, the fraction of accessible pores to 
water increases to approximately 70-80%. Accessibility to toluene very generally follows that of water, 
however, in the smallest pores (>~1 nm), accessibility to toluene decreases, with the clay-rich sample 
showing about 20% less accessible than in the quartz- and carbonate-rich samples. 

 

Figure 1 - Comparison of fractions of accessible pores estimated by water and toluene in the three 
Marcellus Shale Samples. 
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Results from this study show that mineralogy of producing intervals within a shale reservoir appear to 
affect accessibility of pores to water and the non-polar solvent toluene. Such differences in wettability 
may affect hydrocarbon storage and production and hydraulic fracturing characteristics. 
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Pore water redox variability and environmental change recorded by the 1.4 Ga 

Velkerri Formation, Northern Territories, Australia  
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Models of Mesoproterozoic marine environments are based on studies of the few surviving unaltered 
sedimentary successions. Previous studies have documented considerable variation in sedimentary 
redox conditions, which appears to be a common feature of Mesoproterozoic successions [1, 2]. 

We conducted a high-resolution study organic rich shales of the Middle Mesoproterozoic Velkeri 
Formation of the Roper Group, McArthur Basin, Northern Territories, Australia, using optical 
petrography, X-ray diffraction, SEM/EDS element mapping, and LA-ICP-MS. Changes in the 

sedimentology and the abundance of authigenic and early diagenetic minerals and mineral redox 
proxies were mapped across the Velkerri taken from cores across the McArthur Basin. Abundant 
chamosite/berthierine cements and grains, early diagenetic phosphatic spheres (often containing 
glauconite rims and filled with organic matter) and glauconite cements and grains track lithological 
changes associated with the enrichment of organic matter. In addition, Fe-sulfides commonly include 
the FeS2 dimorph marcasite in addition to pyrite, which indicates re-oxidation of sulfidic pore waters 

and a lowering of pH during growth [3]. Early diagenetic siderite growth pre-dates and post-dates 

sulfide formation. 

Together, these observations indicate that redox conditions in pore and bottom waters (and probably 

at the sediment-water interface) oscillated between sub-oxic and ferruginous, which sometimes 
favoured the preservation of sedimentary phosphate. Sediments in the more distal parts of the basin 
retained a more marine character while proximal sections show evidence for evaporites and salinity 
fluctuations. These environmental changes reflect intermittent marine and evaporative influences, and 
were probably controlled by local tectonics which contributed to basin restriction and nutrient loading 
during erosion of local orogens [2]. Understanding the Mesoproterozoic sedimentary record thus 

requires recognizing biases introduced by preferential preservation in epicratonic basins. 
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Although organic-rich oil-producing mudrocks (shales) have been studied extensively regarding their 
micromechanical properties during the last decade, kerogen, as one the main constituents, is not 
thoroughly understood in terms of its mechanical characteristics. Since kerogen is not as stiff as 

inorganic minerals within the rock matrix, it can have a significant effect on the initiation and 
propagation of fractures in kerogen-rich formations that undergo hydraulic fracturing. In addition, the 
lack of knowledge about kerogen mechanical properties directly impacts the validity of rock physics 
models. This study presents a new approach to estimate mechanical properties of kerogen of different 
thermal maturities using Raman Spectroscopy. 

In this research, various shale samples from the Upper and Lower Bakken were picked and initially 

analyzed using Rock-Eval (RE) pyrolysis and Vitrinite Reflectance (Ro) for source-rock potential 
thermal maturity evaluation. Following this, the Young’s modulus of the kerogen was measured by 
mean of Peak Forced AFM (Atomic Force Microscope). Finally, Raman spectroscopy, as a powerful 
analytical tool for kerogen molecular reconstruction, was employed to find the kerogen Raman 

response both when it is inhibited in the matrix and in the extracted state. The results exhibited two 
distinguishable broadband Raman peaks centered at about 1350 cm-1 and 1600 cm-1, which are 
referred as D and G bands, respectively. 

The Raman response has been correlated with the thermal maturity of kerogen in previous studies. In 
this study, we established a relationship between, maturity, mechanical properties and Raman 
Spectroscopy response. We were able to develop a novel approach to understand how kerogen 
mechanical properties are reflected on the Raman response peaks’ positions, intensity, and 
separation. Results showed as the Young's modulus (E) of kerogen increases, the G and D peaks shift 
towards a lower wavenumber, which correlates well with the level of thermal maturity obtained from 
Vitrinite Ro and Rock-Eval analyses. Furthermore, it was found that the separation of the D and G 

bands increased as the kerogen Young’s modulus increased with these two parameters showing a 

strong linear correlation. In addition, band separation exhibited a stronger relationship with E than the 
positioning of the two Raman peaks. 
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Organic-rich shales are highly heterogeneous in constituent components. The properties of organic 
matter deeply impact the bulk mechanical properties of the organic-rich shales, which will affect both 
the success of hydraulic fracturing operations and the flow of hydrocarbon through the artificial 
fractures and rock matrix. However, the direct measurement of elastic modulus of organic matter still 
remains elusive. This is due to the fact that mechanical properties of organic matter in shale are 
difficult to be measured by conventional mechanical testing techniques. In this study, we proposed a 
method to link the mechanical morphology, chemical property, and mineralogy of organic-rich shales 
at the nano-scale level. A relatively new Peakforce Quantitative Nano-mechanical Mapping (QNM) 

mode in atomic force microscopy (AFM), coupled with scanning electron microscopy and energy 

dispersive X-ray (SEM-EDX) spectrum method, was used to visualize, identify, and map the elastic 
properties of different types of organic components in four samples from the upper and lower Bakken 
Formation in North Dakota. The samples were of different maturity and organic matter composition. 
Based on the nano-mechanical results of the samples, which were supplemented by organic petrology 
and Rock-Eval pyrolysis using Default and Modified methods, solid bitumen was identified as the main 
organic constituent. Young’s modulus of organic matter was measured to be in the range from 2 to 12 

GPa. It was observed that, when thermal maturity increased, the morphology of organic matter 
changed significantly. The size of organic particles became smaller and more scattered within the 
matrix. Moreover, with an increase in maturity, organic matter also became stiffer. The results of this 
study showed a great potential in the application of AFM Peakforce QNM, as a novel method, for the 
in-situ analysis of mechanical properties of organic-rich shale at the nano-scale level. 

Keywords: Organic matter; Young's modulus; AFM  
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The coalbed methane (CBM) potential and its geological controls in the Fukang mining area, Southern 
Junggar Basin are studied based on geological surveys and laboratory measurements. The results 
showed that the Lower-Middle Jurassic Badaowan and Xishanyao Formations in the study area contain 
numerous coal seams that are interbedded with mudstone, siltstone, sandstone, and conglomerates. 
Individual thickness of the 10 major coal seams ranges from 3.5 to 44.3m (12–145 ft) and aggregate 
thickness averaging about 135.0m (443 ft). The coals are of high-volatile C and D bituminous rank 
(Ro,ran=0.54% to 0.72%) and are found at depths from 0 to 2000 m (0–6562 ft). Gas content ranges 

from 0.29 to 16.64 cm3/g or 10 to 588 scf/t, which is higher than expected for the coal rank. Burnt 
rocks in the shallow part of the study area make it possible that surface water could directly access to 
deep coals and CBM could escape from deep coals to the atmosphere, which may explain the gas 
content scatters and the mixed biogenic–thermogenic origin supported by isotopic analysis. A 

hydraulic stagnant zone (with gas content more than 11 cm3/g) and a hydraulic migration and 
drainage zone (with gas content less than 11 cm3/g) were found at the east side and west side of the 

Baiyanghe River, respectively. Permeability values of the Fukang coals range from 0.009 to 16.640 
mD by drill stem tests and injection falloff tests at depth of 860 to 1500 m (2822-4921 ft). By 
comparison between permeability and depth, permeability greater than 0.1 mD is expected to exist in 
depth less than 900 m (2953 ft). Due to the large dip angle (dip 30°-70°, even reverse) of coal seams 
in the study area, the directional pinnate horizontal well is suggested to be the optimized type of CBM 
production well. Tectonically deformed coals were developed in the central portion of the Fukang 
mining area, where recovery of CBM should be avoided. 
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Hydrocarbon generation from pyrolysis of coals in different rank  

Li, Wu 

 

Four sets of pyrolysis experiments were performed on coals in different rank at heating rates of 2 °C/h 
and 20 °C/h in confined systems (gold capsules). The main observations can be listed as follows: (1) 
C1/C1-5 ratio of Xinjing coal > Shitai coal >Qinan coal >Yilan coal. The minimum values are 0.450, 
0.543, 0.513, and 0.743 at a heating rate of 20 °C/h, and 0.454, 0.568, 0.730, and 0.860 at a 

heating rate of 2 °C/h for the experiments on Yilan coal, Qinan coal, Shitai coal, and Xinjing coal, 
respectively.  It demonstrates that coals in higher rank, i.e., Xinjing coal, are more likely to produce 
primarily methane, while coal with low maturity are more likely to produce wet gases. The 
compositional differences of four coals finally become similar at the late stage of the pyrolysis 
experiment, with a methane content >95%. (2) For all the sets of experiments, it shows similar 
isotope trend δ13C1< δ13C2< δ13C3 at same temperature. This is similar from kerogen or oil cracking 
that generally is characterized by normal isotope ordering. For Qinan coal (20 °C/h), Shitai coal, and 

Xinjing coal (20 °C/h), methane δ13C values increase with maturity. However, the δ13C value of 
methane for Xinjing coal at a heating rate of 2 °C/h reaches the highest point (-21.62‰) at the 
temperature of 528.1 °C. The δ13C values of ethane and propane became less negative with increasing 

temperature for all four experiments. The gap between δ13C1 and δ13C2 is greater than it between 
δ13C1 and δ13C2. (3) There is a linear relationship between ln(C1/C2) versus ln(C2/C3). When ln(C2/C3) 
increased sharply as ln(C1/C2), the decomposition rates exceed generation rates for C4+5, C3, and 

C2 as secondary oil cracking. In high temperature, both of the parameters are larger, which indicates 
that almost all the wet gas is C2 for cracking of C2into C1. 
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The Lower Triassic Montney Formation, one of the most prolific unconventional gas resource plays in 
Canada, is a complex siltstone dominated succession. It was predominantly deposited as a westward-
thickening wedge comprised of lower shoreface to offshore deposits along the western margin of Pangea. 
H2S concentrations in gas-producing wellsare relatively high in the Montney Formation in western 
Alberta raising both economic and environmental concerns. The current study examines spatial 

variations in the late diagenetic events, specifically anhydrite/gypsum cement and their stable sulfur 
and oxygen isotope compositions in high and low H2S concentration zones of the Montney Formation 
from western Alberta and northeastern British Columbia. 

The samples examined are mostly laminated, dolomitic siltstone with solid bitumen as the major 
constituent of total organic carbon (TOC). TOC and maturity in the Montney Formation generally 
increases to the west (northeastern British Columbia). Dolomite, calcite, pyrite, anhydrite, and gypsum 
are significant late diagenetic minerals. Dolomite occurs as two main types (non-ferroan and ferroan) 
mostly nucleated on rounded, detrital dolomite grains. Similarly, two different types of non-ferroan to 
ferroan pore-filling and non-ferroan poikilotopic calcite cement are identified. Pyrite framboids and 

euhedral crystals formed during early to late stages of diagenesis. Late diagenetic euhedral pyrite 
encloses tiny crystals of dolomite, quartz, feldspar, and anhydrite and is overgrown with framboids. 
Anhydrite occurs as blocky and poikilotopic cement as well as in replacive form. Anhydrite crystals 
occurring in northeastern British Columbia are more early diagenetic in origin. Late-stage anhydrite 
cement is more abundant to the east (western Alberta), where they are replacing dolomite crystals or 
enclosing other grains and diagenetic minerals. Poikilotopic and euhedral tabular gypsum is only 

observed in western Alberta. The high H2S concentration in western Alberta mainly coincides with late-
stage anhydrite and gypsum precipitation. The δ34S and δ18O values of bulk sulfate fraction in the studied 

samples exhibit a wide range of variations from 5.8 to 28.8‰ V-CDT and -6.2 to 15‰ V-SMOW, 
respectively. 

These isotopic compositions demonstrate contribution of two or multiple sulfate-bearing fluids, from 
internal (Triassic seawater) and external sources (potentially Devonian evaporites) as significant 
contributors in supplying dissolved sulfate to the Montney Formation with a mixing trend. Samples from 
the low H2S zone with dominant early anhydrite display more affinity to the coeval Triassic seawater, 
while late diagenetic anhydrite/gypsum from either low or high H2S zones represent the isotopic 

signature of Devonian evaporites or a mixed nature. This may indicate that sulfate-rich brines, 
originating mainly by dissolution of underlying Devonian evaporitic strata, were carried by deep-seated 
faults/fractures network. The system was fed by dissolved sulfate, which resulted in production of H2S 
through bacterial/thermal sulfate reduction. A surplus of sulfate resulted in the formation of pervasive 
late anhydrite cement.  

Keywords: Sulfate, H2S, BSR/TSR, isotope geochemistry, Montney Formation 
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The importance of organic matter (OM) pores within the shales and their effects on gas storage and flow 
have already been well known throughout the world. The graptolitic ridded, organic-rich, marine shale 
of Longmaxi Formation in Sichuan Basin, China, has yielded commercial shale gas since 2013. However, 
the effects of graptolitic pore structures and the extent to which they contribute to the high-yield of 
Longmaxi shales is not very clear. In our current research, detailed analysis involving core studies, 
optical microscopy, scanning electron microscopy (SEM), and focused ion beam scanning electron 
microscopy (FIB-SEM) for 3-D reservoir characterizations, were carried out in order to reconstruct the 

graptolite-derived OM pore system within Longmaxi Shale. 

Two organic components including graptolites and sapropel detritus (maybe some of them are solid 

bitumen) are identified in the Longmaxi Shale. Graptolites, mostly occur as laminated periderms, 

preserved along the bedding planes within the shales and account almost 20% to 93% of the dispersed 
OM of Longmaxi Formation. Mostly, anisotropic pores are developed in the graptolite periderms and are 
greatly associated with their fine structure. Micro-sized fractures and spindle-shaped pores between 
cortical fibrils in the cortical bandage are greatly developed in section parallel to the bedding, while they 
appear tubular in section perpendicular to the bedding. In addition to this, the numerous micro-sized 
sapropel and detritus/solid bitumen are discretely distributed in the shale which develop honeycomb-

like pore structure with good connectivity. Their pore radius is between 3 and 100 nm. SEM and FIB-
SEM 3-D image reconstruction shows the porosity of the graptolites varies from 1.6% to 4.2% with an 
average of 2.5%. The porosity of the sapropel detritus/solid bitumen varies from 8.3% to 23.9% with 
an average of 13.4%. 

The centimeters-sized graptolite periderms can be considered as elongated interconnected pore systems 
that provide an important storage space for both the free and adsorbed gas. In addition, the micrometer-
sized, graptolite-derived pores also act as bridges, connecting nano-sized pores in sapropel detritus/solid 
bitumen and micro-fractures in shales, and hence, creating pathways to contribute to the high yield of 
shale gas of Longmaxi Shale.   

Keywords: Graptolite-derived pore system; Longmaxi Shale 
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The pore structure characteristics of the tectonically deformed coal are significantly different from 
those of the primary coal structure. The total pore volume and specific surface area (< 100nm) of 
strong, brittle and ductile, tectonically-deformed coal are several times greater, and even reached 
more than 10 times greater than that of weak, brittle tectonically deformed coal of the same coal rank 
(including primary structure coal) . The tectonic stress not only affects the pore structure of coal, but 
also has a certain influence on the macromolecular structure of coal. The D002 of the XRD diffraction                                
pattern of strong, brittle deformed coals is obviously smaller than that of the primary structure coal. 

The Lc increases relatively slowly with the increase of metamorphic degree of coal in middle and high 
coal rank than that of the low coal rank. Tectonic deformation not only transforms the macrostructure 
of coal and enhances the coal deformation degree, but also slightly improves the degree of coal 
metamorphism and significantly affects the macromolecular structures of coal. The secondary 

structural defect can make the path of WD change, as well as significantly affect d(G-D) in low 
metamorphic grade coal. In addition, tectonic deformation also slightly promotes the increase in the 
order degree of the aromatic structure in the internal microscopic molecular structure of coal. 

Influenced by pore structure and macromolecular structure, the sorption characteristics of tectonically 
deformed coal are different from those of primary structure coal, but with the increase of temperature, 
the influence on coal body will be weakened.  

 

Keywords: tectonically deformed coal; Pore structure; Macromolecular 
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Organic rich marine mudstones (shale) that sourced conventional hydrocarbon reservoirs have fueled 
a global transformation as they successfully have become exploited as shale gas and shale oil 
reservoirs. The widespread nature of organic rich marine mudstone units in many sedimentary basins 

have led to the misconception that they have relative lateral continuous properties. Recent abundant 
and closely spaced well data have shown significant lateral variability of such deposits, necessitating a 
better understanding of these relatively poorly understood depositional systems. This presentation will 
examine bedforms, depositional processes, and stratal architecture, to address if the accumulation of 
each organic rich mudstone succession occurred during an event or they are genetic related to 
enveloping and thereby lateral shallower water deposits. 

Mudstones are often perceived as dominantly deposited from suspension, however, detailed 
examination reveal abundant subtle ripples showing they mainly were deposited by traction currents. 
This, was facilitated by the mud being transported as silt to sand sized aggregates comprised of both 
allochthonous and autochthonous material, including organic matter. Composition of the mudstones 

aggregates often varies vertical and between the parasequence sets, indicating changes in sources of 
mudstone aggregates from different parts of the basin, in part likely by geostrophic currents. 

Organic rich marine mudstones units commonly show relative uniform thicknesses to gentle tapering 

geometries. However, cross-sections of closely spaced wells show they often have internal clinoform 
geometries, with the organic rich mudstone accumulated at the toe of clinoforms mainly comprised of 
organic lean mudstones. This demonstrates a genetic relationship between the organic rich deeper 
water deposits and correlative shallower water deposits. Further, this also shows the organic rich 
mudstones are diachronous, and that their lateral variability in properties reflect changing 
oceanographic conditions through time rather than lateral variations of the seafloor or pelagic 
conditions. 

 

Keywords: Organic rich marine mudstones 
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Gas release from, and flow in shale formations is affected by the nature of the material and the physical 
geometry of pores and fissures in these rocks. The mode of adherence of gas and water on the pore 
and fissure surfaces is different for different shales, and either gas or water might be the dominant 

wetting phase. The wetting property, which depends on the geometry of the gas-water interface with 
pore surface, is generally defined in terms of the contact angle of this interface with the surface of the 
pore. Wettability largely affects the magnitude of the capillary pressure, which affects the strength of 
gas retention by shale and determines the ease of gas release, of both adsorbed and free gas, from 
shale formations.  

In this study, we investigated the relative wettability of shale by methane (CH4) gas and water for a 
suite of shale samples from three distinct Australian shale formations. All three formations have been 

explored for their potential for gas production. Shale samples were taken from depths varying from 
1320 to 2800 m. Scanning Electron Microscopy (SEM) analysis showed that the pore throats were mostly 

of the order of 0.5 µm or less, and Hg intrusion porosimetry showed that the total pore volume for most 
samples was generally less than < 5 %. A measuring system, based on a captive gas bubble technique, 
was developed and used for this study. The contact angles of the gas-water interface with the shale 
surface were measured inside the gas phase. Since distilled water was used in experiments, and the 
gas bubble was continuously dissolving and shrinking in the water during the measurement, the contact 
angle measured correspond to a ‘transient receding’ contact angle. Measurements were conducted at a 
constant temperature of 35° C and varying gas-water pressures of up to 15 MPa.   

The results of measurements showed that the contact angle of the gas-water interface with shale at a 
constant temperature follows a similar general pattern for all samples. It has a maximum value (ϴ max) 

generally at the start of measurement which then reduces to a constant value (ϴ min) as the gas bubble 

volume reduces and the contact angle thereafter remains constant. Increasing gas-water pressure leads 
to a reduction in both ϴmax and ϴmin values. In other words, with increasing pressure gas wets the 

shale surface more effectively. The results of this study should assist in better assessment of the ease 
of CH4 release from shales and better prediction of potential gas production and emission from shale 
formations. 

Keywords: gas shale, wettability 
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A significant proportion of the total gas emitted from coal mining, particularly for shallow seams (<300 

m depth), is believed to have been generated from microbial activities within the water filled pores and 

fractures in coal seams. In recent years trials have been conducted around the world to generate 

biogenic methane (CH4) in the laboratory and in the field, with most techniques focusing on suitable 

nutrients that stimulate the activities of indigenous microbes. For this project, we investigated the 

potential and extent of gas generation from biogenic activities for Australian coals from the Sydney 

Basin. Australian coals are inhabited by a range of microbial species, many of which may be involved in 

gas generation. Coal biodegradation and formation of CH4 by microbial activities is a multi-step process, 

where various microbial communities (bacteria and archaea) are involved. Only in the final stage do 

methanogens convert the carbon substrates to CH4. To undertake this investigation, we developed a 

specific field and laboratory method to collect coal and indigenous microbial communities from individual 

coal seams, and then culture and monitor the production of biogenic CH4 from the coal. Fresh coal core 

samples were collected from exploration boreholes drilled in a mining region of the Sydney Basin. The 

formation water was collected from the same or adjacent boreholes drilled into the same sequence of 

coals. The location was chosen on a mine lease where gas had been previously recorded. The coal 

samples were sealed to maintain anaerobic conditions and taken to the laboratory where they were 

crushed and mixed with formation water and other solutions in glass vials. The vials were then placed 

in a pre-designed incubator at in-situ temperature to allow the production of CH4 over the life of the 

project. In this paper, the results for one set of coals from a sequence of five coal seams at depths of 

50 to 250 m are presented. Coal maturity in terms of vitrinite reflectance for these coals varies between 

0.64 to 0.72 %, and mineral-free vitrinite content between 50 and 70 %. Monitoring of CH4 generation 

over a year showed that microbial activities are taking place and CH4 is produced in all five coals. 

Important variation in gas generation rates were observed between the coal seams and no correlation 

between the volumes of gas generated and coal properties were observed. Based on the results from 

this study biogenic CH4 may account for a proportion of gas emitted from coal mines. 

Keywords: biogenic gas, coal, emissions 
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Electrohydraulic discharge (EHD), as a technique that discharges electricity in the electrolyte fluid to 
generate dynamic shocks, is considered a potential stimulation method to enhance coal permeability 

and facilitate coal seam gas development. This study investigated electrohydraulic discharge circuit 
settings and the corresponding effects on the shock pressure amplitude in an integrated system, then 
applied the system for coal core stimulation.  The discharge circuit analyses indicate that the feeding 
energy amount used for shockwave generation is not simply determined by charge voltage or charge 
capacitance. The discharge efficiency is affected by mutual interactions among inductance, resistance 
and capacitance as well as real-time current change. Furthermore, the results on charging electricity 
and peak pressure strength revealed that voltage at breakdown point, ranging from 9kV to 28kV, was 

more closely associated with shock strength rather than the initial charge voltage. Generally, a higher 
breakdown voltage tends to lead to a stronger shockwave. Finally, the EHD fracturing stimulation 
conducted on coal cubes showed the coal was effectively fractured with enormous cracks and voids. By 

using three-dimension computed-tomography, the fracture extension and propagation in the coals are 
obvious and extensive. Though the existing fracture greatly affects the new fracture development in a 
vertical direction, the horizontal fractures parallel to the bedding plane direction are more likely to occur 
and even expand across the entire tested coal core. The dramatic coal permeability improvement (over 

a hundred times) after EHD also validates the cutting-through fractures, as does the enhancement of 
porosity measured by mercury intrusion porosimetry (MIP).  
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Hydrocarbon storage capacity and production from mudstones are poorly understood and are thought 
to be aided by organic matter-hosted pores. There is general acceptance that pore abundance and 
volume in organic matter increase with thermal maturity. SEM techniques are superior to optical 
microscopy in imaging porosity to a practical resolution limit of 5-10 nm in diameter. Reflected light 
optical microscopy on the other hand can discern organic matter type and complement SEM’s weakness 
from that perspective. 

This study attempts to provide a link between the two different observation scales with regards to the 

characterization of organic matter and resolving the pore systems associated with it. It involved a series 
of observations performed on laboratory pyrolyzed samples and comparing the observed changes to 

natural samples from the Eagle Ford Formation across a similar thermal maturity range. 

Results indicate that samples in the condensate stage (1.15-1.25%VRo) have developed a pore system 

associated with solid hydrocarbons (pyrobitumen) that displays an anisotropic, mosaic microtexture as 
opposed to samples that are in the oil window (0.70-0.90%VRo), which are dominated by isotropic 
pyrobitumen and have rare pores. It is concluded that anisotropic pyrobitumen with mosaic microtexture 
is the main component hosting pores that start to develop at least after the peak oil window stage. 

Keywords: Organic porosity, petrology, SEM 
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A total of 17 coal samples were collected from Peigou coal mine, Fangzhuang coal mine, No.13 coal 
mine of Pingdingshan in Henan province, Chengzhuang coal mine, Wuyang coal mine, Zhangcun coal 

mine in Shanxi Province, China. All samples were polished with Argon Milling System in plane and section 
model, and 1883 images were taken with field emission scanning electron microscope (FESEM). The 
pores and fissures in the coal matrix of different coalification series, deformed series, and permeability 
series were observed, compared and analyzed.  

The main conclusions are as follows: 
(1) A comparison of the SEM images of untreated raw coal, mechanically polished samples, argon ion 
polished samples, with coating and without coating, showed that the argon ion polishing in plane model, 
without coating is the best method of observing pore and fissure with SEM. The development and 

distribution characteristics of pores and fissures size between tens of nanometers and a few micrometers 

in the coal matrix can be observed by FESEM. The secondary electron mode is generally better than the 
back scattering mode in pore and fissure analysis.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

(2) The pores are unevenly distributed in the coal matrix; most pores are concentrated in certain 
macerals, which is different from the development characteristics of pores in the organic matter of high 
metamorphic shale. The pore diameter is generally less than 1µm, most of them are concentrated 
between tens and hundreds of nanometers, and most pores are cylindrical. The development of fissures 
in coal is more random, the width of most fissure were less than 500 nanometers, and large fissures 
are often filled by minerals. The interface between minerals and organic matter often developed micro-

cracks. 

(3) The development and distribution characteristics of pore and micro-fissure under different 
magnification SEM images are not significantly different between high permeability sample and low 

permeability samples. We deduced that the pores and micro-fissure in coal matrix observed by FESEM 
are not effective channels to gas migration in permeability determination in the laboratory. Combined 

with the specific surface area of pores determined by liquid nitrogen adsorption and ice water carbon 
dioxide adsorption experiment, the pores and fissures observed by FESEM are also not the main 
adsorption sites of methane in the coal seam. However, in the CBM production, they are the necessary 
migration channels for gas release from micro-pores. 

(4) The development of pores and fissures in bituminous coal and anthracite formed in normal 
coalification is similar. A great deal of new pores appeared in high-grade anthracite formed by magma 

intrusion. The new pores size between 50-500 nanometers, and most of them are cylindrical. Although 
many macropores generated in high-grade anthracite, its adsorption capacity reduced to 1/3 from 
bituminous to anthracite. 

(5) No significant differences in pore development and distribution between tectonically deformed coal 
and undeformed coal. Most of large fissures deformed or broke, and some new micro-fissures generated 
in coal deformation process, but the coal seam permeability dramatically reduced when the coal seam 
deformed. 
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Dilution by inert, refractory organic carbon can have a significant impact on the hydrocarbon potential 
of source rocks. In this study, a correction of total organic carbon, based on petrographic observations, 
is proposed to give a better indication of hydrocarbon generation potential. This correction shows that 
although the Second White Specks Formation is an excellent hydrocarbon source rock, hydrogen index 
and total organic carbon are influenced by dilution from refractory organic carbon of various sources. 
The results show that a higher degree of dilution occurs within the Belle Fourche Formation than the 

Second White Specks Formation. This dilution can have a significant impact on the hydrocarbon potential 
of the rock. 

Volumetric calculation of the inert carbon fraction using organic petrographic methods provides a semi 

quantitative method to correct total organic carbon values for the refractory organic carbon dilution 
effect. Incorporation of the dilution corrected organic carbon value in hydrogen index calculations allows 
a greater understanding of source rock hydrocarbon potential. This method provides better 
differentiation of the small-scale variation between micro-facies and formation, as observed in the 
Second White Specks and Belle Fourche formations, than traditional bulk geochemical methodologies 
and previously proposed correction methodologies. Degree of dilution, either through transport of 

recycled allochthonous or autochthonous reworking of organic matter in-situ is highly variable and 
represents a significant challenge in the characterization of heterogeneous source rocks. 

This study investigates the organic petrology and geochemistry of a sediment core from the thermally 
immature area of the Upper Cretaceous Second White Specks Formation and Belle Fourche Formation. 
Reflectance and relative abundance of three maceral groups (bituminite, alginite, and refractory organic 
carbon macerals) showed significant organic matter compositional differences between micro-facies in 
the Second White Specks Formation. A change is also observed in organic matter composition from the 
upper part of the Belle Fourche Formation to the Second White Specks Formation. These compositional 
changes represent shifts in sediment source, sea floor oxygen levels, and depositional energy levels. 

These changes can be episodic, as observed between micro-facies, or longer time scale trends, as 
observed between the studied formations. 

Keywords: Second White Specks; Belle Fourche; Refractory Organic Carbon; Rock-Eval; Dilution; 
Hydrocarbon Potential 
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The Miocene Chuhuangkeng anticline, which is located in NW Taiwan, has been a major oil and gas 
producing field in the past. Rapid uplift caused by local tectonic activity created the Chuhuangkeng 
anticline in the foreland basin. Because of its favorable tectonic trapping, organic maturation has reached 

oil window and the reservoir rocks still possess good HC potential. The purpose of this study is to 
understand the evolution of the foreland basin, which is crucial to evaluate the depositional and thermal 
history of sedimentary basin and further understand the generation and migration of oil and gas.  

In this study, we combine various analytical methods including XRD, petrographic thin section, vitrinite 
reflectance, and fission track analysis to examine depositional and thermal history of the foreland basin 
which evolved to anticline. Sequences of outcrop and borehole samples were collected and examined in 
this study. The results of organic maturation exhibits linear correlation with depth in boreholes 
(Ro=0.71~1.45%), which indicates that burial was the main factor controlling the thermal history. The 

calculated paleo-geothermal gradient ranges from 40°C/km to 24°C/km. The maximum depositional 

depth of Wuchishan formation is about 6 km (3.5 km nowadays), the converted tectonic rift and 
exhumation is about 2.5 km. Moreover, zircon fission track pooled age (PL-CL) is about 103.7 Ma, the 
origin of sediments are related to volcanic activity during lower Cretaceous to upper Cretaceous (120-
80 Ma) in southeastern China. Some grain ages less than 20 Ma are derived from the Central Range of 
Taiwan. The integration of data from vitrinite reflectance and apatite fission track analysis that indicate 
tectonic uplift process started from 4 Ma until now in the Miaoli area. Finally, the development of Houlong 
River should be earlier than the deposition of Cholan Formation at the central part of Chuhuangkeng 

anticline. The analytic result is expected beneficial for future oil/gas exploration. 

Keywords: thermal history, fission track, deposition 
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Macerals in coal (n=4) and organic-rich shale (n=8) of various rank/maturity were examined for 
reflectance changes that occur after broad beam ion milling.  Broad beam ion milling is an important 

sample preparation innovation for imaging organic porosity of source rocks to prepare flat sample 
surfaces without ‘smearing’ of organic matter (OM), which is suspected in mechanical polishing 
techniques (Reed and Loucks, 2007).  In this technique, the sample is bombarded with ions, in our case 
Argon, which collides with, and displaces the atoms on the sample surface.  A recent study by Sanei 
and Ardakani (2016), found that organic matter reflectance increased after milling and suggesting that 
the organic material may be thermally altered by the milling process.  This is a significant finding as 

most research suggests that as thermal maturity increases the development of organic porosity also 
increases (Jarvie et al., 2007; Modica and Lapierre, 2012).  Therefore, if ion milling causes thermal 
alteration, some of the observed organic porosity reported in shale literature could be an artifact of the 
milling process.  

To better understand ion milling effects on organic material, coal (subbituminous, high vol. bituminous, 
medium vol. bituminous, semianthracite) and shale (Bakken Formation, Huron Shale (5), Kimmeridge 
Clay Formation, Alum Shale, New Albany Shale) samples were prepared using traditional mechanical 
polishing methods (ASTM D2797, 2017).  Reflectance measurements (% Ro) were gathered on all 
maceral types present before broad beam ion milling in a Fischione 1060 SEM Mill (broad beam, 6kV, 

2° gun angle, 175° rotation at 3 rpm, 50% focus, 30 minutes).  Reflectance was then re-measured at 
the same locations following milling.  

In general, all OM increased in reflectance after milling.  Liptinite macerals in both coal and shale 
samples showed the greatest percent change on average (133%; 338 measurements), followed by solid 
bitumen (49%; 313 measurements), vitrinite (26%; 413 measurements), and inertinite (9%; 220 
measurements) (Fig. 1).  In the coal suite, high vol. (1.06% VRo before; 1.36 VRo after) and medium 
vol. (1.32 VRo before; 1.62 VRo after) bituminous coals showed a greater percent reflectance change on 
average than subbituminous (0.64 VRo before; 0.76% VRo after) and semianthracite (2.69% VRo before; 
2.84% VRo after) samples.  The subbituminous sample did show the greatest loss of material of all the 

coal samples, while semianthracite developed an uneven sample surface due to milling artifacts e.g. 
cusping; surface ridges.  Shale samples that were in the immature to early oil window (0.3-0.65% SBRo; 
7 samples) increased by 0.17-0.41% Ro. The one dry gas sample (1.41% SBRo) had a net decrease in 
Ro (-0.11% SBRo) though the variation in the reflectance measurements (0.87-1.72% SBRo) was the 
greatest of any sample in the study.  Although alginite (0.17-0.32 % AlgRo) and amorphous OM (0.16-
0.34% AlgRo) in the shale samples demonstrated a dramatic reflectance increase to 0.42-0.65% AlgRo 
and 0.46-0.82% AlgRo respectively, fluorescence intensity did not decrease visually. 

The results of this study are in agreement with the results from Sanei and Ardakani (2016).  For 
example, they observed that 0.58% VRo equivalent solid bitumen increased to 0.86% VRo equivalent 

solid bitumen after milling: results from one of our Huron Shale samples of similar thermal maturity 
(0.6% VRo equivalent solid bitumen) increased to 0.85% VRo equivalent after milling. 

Despite the drastic changes to OM reflectance caused by ion milling, no evidence was found of kerogen 
conversion (e.g., change in maceral abundances), or for migration of petroleum (e.g., pseudomorphic 

replacement of Tasmanites). Such changes should occur when samples are thermally altered from 
immature into the oil window (e.g., by hydrous pyrolysis).  Comparisons of the ion milled results to 
reflectance changes observed in similar samples that have undergone thermal alteration via hydrous 
pyrolysis, show distinct morphological and maceral abundance differences.  For example, samples from 
the Bakken Formation, 1) ion milled and 2) that have undergone hydrous pyrolysis, showed that the ion 

milled sample had an increase from 0.32% SBRo to 0.49% SBRo, which is equivalent to reflectance 
values found in hydrous pyrolysis samples at 300-320°C (0.38-0.54% SBRo). Though the change in 
solid bitumen reflectance values are similar, morphologically hydrous pyrolysis samples exhibited an 
increase in solid bitumen abundance due to conversion of oil-prone amorphous kerogen.  Similarly, 
examination of Tasmanites in a set of samples from the New Albany Shale showed a reflectance change 
from 0.17 AlgRo to 0.47% AlgRo after milling.  Hydrous pyrolysis conducted at 330°C created similar 



49 
 

reflectance values (0.17% AlgRo to 0.44% AlgRo), but the thermally altered sample had little to no 
organic fluorescence, and solid bitumen had become more abundant and occurred in larger 
accumulations due to the replacement of Tasmanites.  

Our preliminary findings indicate that the changes in OM reflectance due to broad bream ion milling is 
not a thermal alteration affect and could be the result of an improved surface polish. That is, the fraction 
of light formerly lost to oblique scatter in diffuse reflectance from mechanically polished surfaces is 

converted to specular reflectance after ion milling, and leaves the surface at a near normal angle to 
return to the detector.  Planned future work includes quantification of the relative flatness of OM before 
and after ion milling through atomic force microscopy. 
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The Middle Jurassic Dameigou Formation of northern Qaidam Basin was proposed to have good oil and 
gas generating potential in previous studies. Extensive oil and gas exploration and research on 
sedimentary facies of the formation (Ren et al., 2016) indicated that it was a multi-lithological, organic 
matter-rich, sedimentary setting including coals, sandy-mudstones, carbonaceous mudstones and oil 
shale from bottom to the top. There remains large uncertainty over interpreting the sources and 

depositional conditions of the organic matter due to the fact that parameters representing the quantity, 
type and maturity of OM vary strongly. 

Systematic petrographic analysis was conducted for 15 samples in order to characterize the organic 

matter source and sedimentary environment. At the bottom of the formation, coals are characterized 

as humic and dominated by huminite and highly liptinite-rich macerals such as cutinite and suberinite. 
Cutinite and suberinite were proven to be sourced mainly from leaves of higher plant such as bush and 
trees (Taylor et al., 1998). The good preservation of the OM indicated an anoxic sedimentary 
environment. 

Above the coal seam, mudstone displayed obviously different maceral composition. The predominant 
macerals in the most organic-rich mudstones are alginite with some sporinite. In an organic  -lean 
mudstone, sporinite and pollen are the most abundant macerals. Furthermore, Botryococcus alginite 
with well-preserved structures can be observed in some mudstone samples while some structured 

cutinites are present in others. This indicates that the organic matter input had been changed from 
higher plant to different alginites during the sediment process of mudstones (Boucsein, 2000). 

Oil shales showed a homogenous brightly fluorescing, yellow groundmass, obvious OM-rich micro-layers 
with abundant yellow-blue fluorescing, parallel-laminated alginite and exsudatinite with bright yellow 
fluorescence filling many of the chambers of organic fossils. This showed that alginite and amorphous 

OM were main macerals in oil shale and had began to generate hydrocarbons. 

Besides the implications for source of the organic matter, evidence of depositional environment was also 
recognized. The laminations of brightly fluorescing alginite suggest a low-energy, aquatic and anoxic 
sedimentary environment supportive of algal productivity. The mudstones close to oil shale are more 
alginate-rich implying a reductive deposition environment for them, whereas the occurrence of more 
degraded (bituminite-like) OM in mudstone close to coals implies a relatively oxidizing deposition 

environment (Tayler et al., 1998). Large macerals of vitrinite and semifusinite in certain mudstones 
indicate that higher plants such as trees were located close to the site of deposition; precursors of the 
vitrinite and semifusinite were likely deposited very close to their original sources rather than 
experiencing extensive transport or reworking via water or wind (Tayler et al., 1998; Boucsein et al., 
2000; Bojesen-Koefoed et al., 1997). Small fragments of reworked vitrinite and degraded OM in sandy 
mudstones signifying a highly oxidizing and clastic environment with minimal primary organic production 

(Bojesen-Koefoed et al., 1997). 

Due to the differences of maceral composition among mudstones, we can observe the evidence of 
sedimentary environment changes, although it is difficult to define indicators quantitatively. The yellow-

blue to bright yellow fluorescence of alginite, sporinite and cutinite indicates that the maturity of the OM 
in the sampled section is at the immature-early mature stage, which is consistent with the vitrinite 
reflectance results. 
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The Upper No. 3 coal of the Early Permian age is a major workable seam in the Liangbaosi mine, 
southwestern Shandong coalfield, China. A total of 13 bench samples of the Upper No. 3 coal in the 
Liangbaosi mine were collected to investigate their sulfur and organic carbon isotope compositions, with 
emphasis on origin of sulfur.  

The results show that the Upper No.3 coal has an average moisture content of 2.05%, volatile matter 
yield of 36.90%, ash yield of 15.65%. Samples from the Liangbaosi mine have a total sulfur content 
from 0.27 to 1.17%, with an average of 0.56%. The maximum total sulfur value occurs in the bench 
closest to the roof and the lowest sulfur content is located in the middle bench. For the 13 bench 

samples, the organic sulfur isotope ranges from 5.02 to 9.38‰, while the pyritic sulfur isotope varies 

from -3.64 to 7.96‰. And the organic carbon isotope is -26.1 to -24.6‰. Although the No.3 coal is 
low in sulfur, seawater is still an important source of sulfur supply, especially in the benches closest to 
the roof. This assumption is also supported by the organic carbon isotope distribution pattern in the 
vertical profile. The smaller organic carbon isotope (-26.1 to 25.3‰ vs -24.9 to -24.6‰) indicate that 
the coal-forming plant of the upper benches were influenced by seawater. 
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The trend in commodity prices over the last few years has prompted a shift in petroleum industry focus 
in the Montney Formation away from dry gas areas and toward prolific hydrocarbon liquids-rich portions 
of the tight-gas fairway. In the Montney, like most other tight-gas and shale-gas plays, thermal maturity 
is the first-order control on the richness of natural gas expressed, for example, by condensate-gas ratio 
(CGR). The rush to hydrocarbon liquids has thus resulted in industry activity focused on shallower and 
lower thermal maturity portions of the Montney tight-gas fairway where production results have led to 

notable success, but also to some unexpected outcomes. 

In many areas of the wet gas window, CGR ratios are found to be highly variable and do not conform 
solely to the trend of regional thermal maturity. Here, we show that a significant second-order control 

on CGR is the secondary migration of methane. Methane migration is focused along distinct linear or 
curvilinear pathways controlled by stratigraphic trends with superior matrix permeability and likely also 
structural trends with enhanced fracture permeability (Wood and Sanei, 2016). Indigenous hydrocarbon 
fluids are modified along these pathways by natural processes of methane enrichment including phase 
separation and segrative migration during the last ~60 million years of basin uplift, removal of 
overburden and depressurization. Geological complexity that influences the secondary migration of 

methane thus also finds expression in the surprizing intricacy of Montney CGR maps. 

To help decipher complex CGR distributions, we developed a simple method to identify secondary 

methane migration trends from the analysis of routinely collected gas composition data (Wood and 
Sanei, 2016, 2017). Previous work shows that the iC4/nC4 ratio of natural gas can a reliable indicator of 
thermal maturity, whereas the dryness ratio can be influenced by hydrocarbon migration as well as 
maturity. For a shale-gas basin with no significant modification by migrated hydrocarbons such as the 
Barnett Shale, a cross-plot of gas dryness ratio (normalized methane content) versus iC4/nC4 ratio 
shows a coherent distribution with a normal trend at low maturity and a reversed trend at high maturity 
(Zumberge et al., 2012). A comparable Montney cross-plot shows a more complex distribution (Wood 

and Sanei, 2016, 2017). A portion of the data matches the normal maturity trend of the Barnett Shale. 
Many data points, however, lie to the left of the normal maturity trend. These data points have an 
‘excess methane’ signature, indicating that the maturity-controlled distribution of hydrocarbon fluids is 
modified by methane introduced during secondary migration. Recognition of ‘excess methane’ 
signatures allows secondary migration trends to be mapped and helps bring greater clarity to otherwise 
confounding CGR distributions. 
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A meromictic lake, Kai-ike, is located on the northeastern margin of Kami-koshiki island, Japan. A 
permanent density stratification develops due to seawater infiltration through a gravel bar separating 
the lake from the ocean. The oxygenated surface water overlays a stagnant, saline, and anoxic deep 
water containing hydrogen sulfide. Purple sulfur bacteria (Chromatium sp.) inhabit the chemocline at 
4.5m depth. At the lake bottom, green sulfur bacteria form microbial mat-like structures (Nakajima et 
al., 2003). Such an environment can be treated as a model for the past anoxic ocean, such as during 
Oceanic Anoxic Events (Oguri et al., 2003). 

A 25 cm-long KAI4 sediment core (Yamaguchi et al., 2010) was used for two sequential extraction 
methods. SEDEX method (Ruttenberg, 1992) was used for partitioning phosphorus-bearing species into 
Pabs (absorbed), PFe (iron-bound), Pauth (authigenic), Pdet (detrital), and Porg (organic). Iron-bearing 

species were also divided into FeHCl (dissolved in HCl), Fecarb (carbonate), Feox (oxide), Femag (magnetite), 

and Feresi (residue), following the method of Poulton et al. (2005). 

At the uppermost part of KAI4 core, Porg was the most abundant P-bearing species (~90% of total P). 
The Porg content sharply decreased with increasing depth to 5cm. The second most abundant species 
was PFe; however, PFe and Feox contents remain constant throughout the whole depth. 

At water-sediment interface in present oxygenated ocean, ferric (oxy) hydroxides trap phosphate 
diffusing from deeper-anoxic sediment, and the phosphate concentration in pore water becomes high 
enough to precipitate authigenic apatite (Slomp et al., 1996). In case of Lake Kai-ike, however, the 
amount of ferric (oxy) hydroxides is small relative to that of Porg (PFe/Porg = ~0.1). We suggest that the 
excess phosphate not caught by ferric (oxy) hydroxides is released to overlying water mass, further 
enhancing primary productivity and persistent anoxic condition (positive feedback). 
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Our group discovered a peculiar phenomenon named “geochemical effects of lanthanides” about ten 
years ago [1,2]. It was found that there was a close linear relationship between the quantifiable 
geochemical behavior (such as migration, distribution, and occurrence) of lanthanides and the atomic 
structure parameters (such as ionic radii of the trivalent ions)[3-5]. The phenomenon exists whether the 
REE are classified into LREE and HREE or not. Recently, we have noticed that the geochemical effects of 

lanthanides could provide an more intuitive and convenient approach to discriminate rock types and 
their diagenetic environments, compared with the chondrite-normalized rare earth elements distribution 
patterns. For example, the evolution process of coal depositional environment in coal seam #6-1 from 
the Wulantuga coal mine (China) can be deduced from the linear regression coefficient between 

LREE/UCC and their ionic radii of the trivalent ions, by using the research method based on geochemical 
effects of lanthanide elements. Generally, the regression coefficient will increase during the evolution 
from a relatively closed and reductive environment to an open and oxidative environment (Figure 1). 

 

Figure1. The evolution of coal depositional environment from bottom to top in the coal seam #6-1 
from the Wulantuga coal deposit. 
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Different from typical conventional reservoir rocks such as clastic and carbonate rocks, gas shale has 
large amount of nanopores, within which multi-phase of gases can exist. It is well known that the internal 
interaction mechanism of multi-phase gases in reservoirs is extremely important for accumulation and 
production of shale gas. However, to the best of the authors' knowledge, there is not a systemic 
investigation of this topic in exist literatures. 

As a kind of new 1H probe technology, NMR relaxation time analysis provides a method of pore structure 
analysis for porous medium, and enables studies of the transportation of hydrogen-containing fluids in 
gas shales. When a low magnetic field is used for NMR measurement, the signal of mobile hydrogen 
nucleus or proton in methane can be detected, whereas the signal from solid 1H in organic matters of 

shale cannot detected due to extremely fast relaxation. Thus, the 1H probe technology has potential to 

be used in characterization of multi-phase gases in the nanopores of gas shales. 

In this study, several special experimental setups were designed and used to evaluate the adsorption 

of multiphase methane gases in shales. By introducing the low-field NMR into the gas shale reservoir, 
we firstly developed several models and methodology, including 1) a methodology for quantitative 
identification of multi-phase (adsorbed-, porous-medium-confined-, interparticle bulk-, and bulk) 
methane gases in shales; and 2) a theory and analytical technique to determine the methane isothermal 
adsorption capacity of shales. Then two limitations of the use of this method are: 1) avoiding an 
inhomogeneous field effect resulted by ferromagnetic mineral composition in shales; and 2) eliminating 

the influences from diffusional exchange of fluid in micropores and macropores. As a conclusion, we 
suggest that the developed 1H probe technology can be applied as a non-invasive analytical technique 
to characterize the multi-phase gases in the nanopores, and has great potential in enhanced gas 
recovery (EGR) and Carbon Capture Utilization and Storage (CCUS). 
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In order to clarify the regularity of occurrence of coalbed methane in the North Linyou of Yong Long 
mining area, a series of experiments (including coal macerals, adsorption isotherm and mercury 
porosimetry analysis and so on) are conducted on the collected coal samples. The drilling data, gas 
emission and coal mine production data are integrated to study the properties of the coal reservoirs in 
the area. The geological controlling factors for CBM gases have been analyzed and it can be concluded 
that structure and hydrology are main factors of CBM occurrence regularity. 
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As a complex polymeric material, coal has complicated pores and fractures, the pore distribution and 
development characteristics in coal not only control the occurrence and accumulation of coalbed 
methane (CBM) but are also primarily related to greenhouse gas emission, adsorption, desorption and 
reservoir permeability. So, it is important to better understand the full-scale pores in coal, however, 

there no single method for the determination and analysis of full-scale pores. Using carbon dioxide 
adsorption at 273 K, nitrogen adsorption at 77 K and Mercury intrusion porosimetry (MIP), the different 
scale pores from four different metamorphic grades of coal were determined, and the full-scale pores 
analysis method were established. By comparing the test results, the full-scale pores distribution 
characteristics are discussed. Main findings and conclusions are as follows: 

(1) Method for measurement and quantitative analysis to full-scale pores in coal: Combined with NLDFT 

analysis model, carbon dioxide adsorption at 273 K and nitrogen adsorption at 77 K are the accurate 
methods to determine the pore distribution of micropores (less than 2nm) in coal. The pore 
determination range of carbon dioxide adsorption is 0.3-1 nm, and the range of nitrogen adsorption is 

1-2 nm. The distribution of mesopores (2-50 nm) in coal is also determined by nitrogen adsorption at 
77K and NLDFT analysis model. By using the amount of mercury injected under different pressure, the 
macropores in coal can be measured, and its range is 50-60000 nm. 

(2) Micropores are the dominant pores in coal, which constitutes the main storage space of CBM. The 
experimental results show that the specific surface area of micropores in 4 different kinds of 
metamorphic coals is between 66.957-146.871 m2/g, which accounts for 88.37%-99.78% of the total 
pores specific surface area, and the average is 96.2%. The pore volume of micropore is between 0.0201-
0.04408 cm3/g, which accounts for 58.15%-89.91% of total pores pore volume, and the average is 
75.28%. The micropore is a 3-stage distribution in coal, the pores of 0.4-0.7 nm and 0.8-0.9 nm are 

the major components of micropores. Their pore volume respectively accounts for 70.27% and 17.09% 
of the total pore volume of the micropores, and their specific surface area are 77.09% and 13.22% of 
the total specific surface area of the micropores. 

(3) The proportion of mesopores in 4 different kinds of metamorphic coals is lower, the pore volume of 
mesopores is 9.42% of the total pores volume, and the specific surface area is only 0.86% of the total 
pores specific surface area. The pore volume of macropores measured by MIP is 15.3% of the total 
pores volume, and the specific surface area of macropores is only 2.94% of the total pore specific surface 
area, implying that its poor connectivity and may not be conducive to the migration of CBM. 

(4) The effect of metamorphic process of the pores in coal is obvious. With the increase of metamorphic 
degree, the development scale and quantity of micropores show the characteristics of first decreasing 
and increasing in the process of coal metamorphism, which determines that the specific surface area 

and pore volume of the pores in coal present the "U" shape change characteristics, so the study of 
micropores in coal cannot be neglected. 

Keywords: Pore size distribution; CBM, Coal reservoir; quantitative analysis; full scale pore 
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Coal is a kind of source rock with high degree of organic matter enrichment and special development 
of micropores. This property of coal determines the particularity of coal as source rock. 

  The microporous and high enriched organic matter properties of coal determine that the interaction 
between the hydrocarbon and coal network skeleton is quite large, and the conventional chloroform 
extraction method cannot completely extract the soluble organic matter. After chloroform extraction, 
there are still a large number of relatively large molecular hydrocarbons and residual colloidal 

compounds in organic matter. This part of the compound is not in the form of a covalent bond and the 
combination of large molecules, but by some forms of non covalent bond interaction (hydrogen 
bonding, Van der Waals force, and so on) exist in the macromolecular network  organic matter. 

Because of the strong adsorption and the high organic matter content of coal, the amount of matters 

that generating hydrocarbons-like in the oil window is retained in the coal network structure. It can't 

be pulled out by conventional chloroform extraction, and also exists in the form of association 
structure in coal, and as source of second cracking to gas.    

Compared with chloroform extraction, the asphaltene and NSO compounds were significantly 
increased in the CS2 / NMP mixed solvent extract, and the total hydrocarbon content also increased, 
which also proved the occurrence of soluble organic matter. The CS2 / NMP soluble organic matter 
present in the form of associative structure in coal can be used as an important source for coal gas 
evolution, which has an important contribution to coal gas generation. 

 

Keywords:  
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The reserves of Zhundong coalfield is estimated at one hundred billion tons. The Zhundong coal quality 
is very good, but the high sodium content of the ash, leads to a strong fouling and slagging tendency, 
limiting the use of Zhundong coal. Three typical Zhundong coals (WCW, TC, and WD) were chosen in 
this research to investigate the nature of the sodium in coal, and its release behavior during coal 
combustion. The Zhundong coal is rich in sodium, which can be effectively removed by water washing. 
Extraction leaching experiments were conducted to determine the mode of occurrence of sodium in 

Zhuandong coals. The factors influencing water-soluble sodium removal of Zhundong coal include 
temperature, time, particle size of coal, the speed of electromagnetic stirring. The results indicated that 
the key influence factor is temperature. Increased temperatures, longer reaction times, greater stirring 
speed and decreased size of coal particle improve the removal of water-soluble sodium from the coal. 
Thermodynamic calculations and systematic experiments were conducted to understand the 
transformation and partition of sodium during Zhundong coal combustion and the influence of the 

different kinds of coal, atmosphere, and the different forms of sodium on the sodium release. The results 

indicated that different kinds of coal and the form of sodium have great influence on the release of 
sodium. Furthermore, the addition of kaolin can reduce the release of sodium by 50%. The kaolin has a 
greater effect on inhibiting the release of water-soluble sodium compared to that of the organic sodium. 
The fine particulate matters are also rich in sodium. The mineral transformation and microstructure of 
high-sodium ash was analyzed by XRD and FSEM to understand the reaction mechanism of kaolin and 
sodium compounds. 

Keywords: Zhundong coal; occurrence mode; sodium 
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Many methods have been used to analyze porosity and pore size distribution (PSD) of coals, but the 

nuclear magnetic resonance (NMR) method is the one that can measure both porosity an PSD in field 

and in real time. The key for the application of NMR method in core logging is an accurate determination 

of the cut-off value of transversal relaxation time (T2), and then the T2 cut-off can be used to divide the 

irreducible and moveable fluid saturation, to obtain a PSD and core permeability. Conventionally, the T2 

cut-off value is obtained by high speed centrifugal experiments and empirical value methods which is 

greatly limited in the field evaluation application. Based on 12 coal samples with the maximum vitrinite 

reflectance (Ro, max) ranging from 0.42 to 3.03%, we used NMR method and fractal analysis to 

investigate the relationship between NMR fractal turning point and T2 cut-off value obtained by 

centrifugal experiments.  

The results show that there are two obvious trend lines in SV-T2 double logarithmic coordinate, the left 

trend line corresponding to the smaller pores, the right trend line corresponding to the larger pores. The 

T2 cut-off value of low-rank coals ranges between 0.5 - 2.8 ms, the T2 cut-off value of high-rank coals 

ranges between 15-32 ms. The T2 value corresponding to NMR fractal turning point was highly consistent 

with the experimental T2 cut-off value, and the relative error less than 15%. This novel method provides 

an efficient way to calculate T2 cut-off value, without any need from other experimental methods. 

   

Keywords: NMR; T2 cut-off; fractal analysis; coal 
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Organic Petrography of Source Rock from Upper Pematang Formation, Central 
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The Pematang Formation is well known as the source rock of prolific petroleum in the Central Sumatera 
Basin, Indonesia. The Eocene-Oligocene aged formation is the product of syn-rift phase sedimentation 
which allowed the deposition of organic matter-rich shale and coal mainly in lacustrine environments, 
especially in the upper part. This study shows the result of organic petrographic examination of the 
upper part of Pematang Formation observed in the Sungai Tambang area. The sequences consist of coal 
in the lower part which changes into shale and coal intercalated with carbonate containing shale in the 

upper position. Petrographic observations were conducted according to standard method where five 

hundred points were counted from each sample. 

In coal samples, vitrinite comprises more than 60%, mainly in form of gelinite, collotelinite, and 

collodetrinite. A significant amount of liptinite is observed, between 7 – 15%.  The liptinite maceral 
group is composed mainly by resinite, alginite, sporinite, cutinite, exsudatinite. The inertinite content is 
generalyl less than 15%. In shale samples, the composition of the dispersed organic matter also shows 
the predominance of vitrinite and liptinite. Most of the liptinite found are alginite (lamalginite) and sparse 
resinite. These maceral types are in accordance with the type I and type II kerogen. Rock-Eval Pyrolysis 
data on some shale samples also indicates high HI value. The maceral composition and pyrolysis results 

support the fact that this formation is a good oil prone source rock. 

Keywords: maceral, source rock, Pematang Formation 
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Alkylated naphthalenes are major components in crude oils, coals, sediments, and various geochemical 
samples. The compositions of isomeric methylated naphthalenes have been widely accepted as maturity 

parameters of oils and sedimentary organic matters. Naphthalenes have resistance to bio- and thermal 
degradation and are often major constituents in condensates and biodegraded oils. We focused on 
methylated naphthalenes as possible indicators of source and source rock lithology of biodegraded oils 
and condensates which are poor in useful biomarkers. Alkylated naphthalenes are suggested to be 
produced mostly by thermal degradation of terpenoids and steroids. We investigated the composition 
changes of methyl-, dimethyl- and trimethylnaphthalenes (MNs, DMNs and TMNs) generated from 

hydrous pyrolysis of cadinene, abietic acid and cholesterol which are typical precursors in land plants 

and algae for alkylated naphthalenes. We performed a hydrous pyrolysis experiment in the presence 
and absence of montmorillonite for understanding the lithological control on the formation of alkylated 
naphthalenes. The experimental results were further compared with the distributions of methylated 
naphthalenes in various types of crude oils. 

Our experimental results show that methylated naphthalene distribution is related to the source organic 
matter. The major DMNs and TMNs in pyrolyzates of cadinene and abietic acid were 1,5-, 1,6-DMNs and 
1,2,5-TMN, whereas those in pyrolyzates of cholesterol were 1,3-, 1,7-DMNs and 2,3,6-TMN. The 1,6-, 
1,3-, 1,7-DMNs and 1,2,5-TMN are dominant naphthalenes in terrestrial oils [1-4]. Significantly high 

abundance of 1,3- and 1,7-DMNs is actually observed in marine oils [5-8]. The distributions of DMNs 
and TMNs from hydrous pyrolysis of terpenoids and steroids are consistent well with those in terrestrial 
and marine oils. The experimental results suggested that the DMN ratio of 1,5-+1,6-DMNs to 1,3-+1,7-
DMNs, and the TMN ratio of 1,2,5-TMN to 2,3,6-TMN, are useful indicators to evaluate the source organic 
matter.  

Methylated naphthalene distribution is also related to the lithology of source rock. The relative 
abundance of total MNs was generally higher than total TMNs in pyrolysis products from cadinene heated 
without montmorillonite. On the other hand, the hydrous pyrolysis of cadinene with montmorillonite 
produced less amount of total MNs compared to total TMNs. Oils generated from the source rocks poor 

in clay minerals such as coals and siliceous rocks contain high amount of MNs [1, 3-5]. Whereas, oils 
derived from clay-rich shale show high abundance of total TMNs compared to total MNs [6-8]. The 
distribution of MNs and TMNs in oil samples from various types of source rocks are consistent well with 
the results of pyrolysis experiments. The ratio of total TMNs to total MNs can be a useful indicator for 
the evaluation of source rock lithology. The distribution of methylated naphthalenes can be useful 
indicators for evaluating the type of source organic matter and source rock lithology of highly degraded 
oils and condensates. 
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Measuring chromium (Cr) stable isotopes in ancient sedimentary records, mainly black shales and 
banded iron formations (BIF), has been successfully applied in major recent breakthrough studies to 
investigate the timing and intensity of the early Earth’s oxygenation. However, processes controlling 
the burial of this paleo-redox proxy is not yet well understood, hampering our interpretation of ancient 
sedimentary records.  

To fill this gap, we explored the Cr speciation in a selection of pre-Cambrian black shales and BIF 
samples X-ray Adsorption Fine Structure (XAFS) spectroscopy. XAFS allowed us to collect information 
about Cr oxidation state, coordination chemistry and molecular environment.   

As expected, our preliminary results suggest that Cr is present as Cr (III) in all our tested 

samples. Surprisingly, two different Cr (III) phases were detected. The ratio of these two 
phases changes with the type and age of the rock samples and seems to be influenced by the proportion 
of Cr buried via precipitation from the water column versus the amount of Cr transported from the 

continental mass. The implication of our new findings for the paleo-redox proxy will be discussed.    

Keywords: Chromium, redox, XAFS 
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The determination of the capacity of bituminous coal for reacting with carbon dioxide under certain 
conditions was carried out using the apparatus developed by the Centralne Laboratorium Pomiarowo-
Badawcze Sp z.o.o. (Central Laboratory of the Research and Testing) in Jastrzębie Zdrój. This issue has 
previously been studied using both fixed and fluidized bed reactors. The fixed bed reactor was selected 

because of the ease of control. Eighteen coal samples with different degrees of coalification were used 
in the analysis. The reflectance of the examined coal ranges from 0.51 to 2.27%. The samples of bright 
and dull coal were collected from coal seams with the vitrinite reflectance below 1%. 

The reaction of coal with the surrounding gas is a surface process. The finer the coal, the greater the 
availability of the surface. The temperature increase is accompanied by phenomena affecting the surface 

area of coal: the formation of coke from para-bituminous coal contributes to its development, while the 
initial stages of coking the 34-36 coal types lead to sintering and formation of agglomerates of grains. 

A particle size in the range 0.2 mm - 3.0 mm was selected for the applied method. The lower limit is 
the result of the used perforated bottom of the reactor, while the upper corresponds to a typical 
laboratory sample prepared, in accordance to the applicable standards, for physical and chemical studies 
or to be charged into coke oven battery. 

The examined bituminous coal is characterized by a high variability of water content. The total moisture 
of bituminous coal is typically between 2% and 15%. To reduce the impact of water content, the samples 

were dried to an air-dry condition. 

The gasification of coal using carbon dioxide requires maintaining the temperature in the reactor at 

about 1100oC. In order to heat the sample to the desired temperature, a furnace with 2.7 kW silicate 
heaters and a ceramic tube heated in the temperature of 1300oC were used. The coal reactivity analysis 

was carried out in an indirectly heated reactor. To dispose of the degassing products and tar products, 
which do not react with CO2 at low temperatures, the samples were preheated to the temperature of 
600oC. After degassing, the reactor was heated to the temperature of 1100oC for approx. 18 – 19 
minutes. 

The reaction gas was the technical carbon dioxide, which was fed to the reactor through a flow control 
system and a rotameter. In addition, carbon dioxide acts as an inert gas at the stage of degassing the 
sample, before the mentioned sample reaches the starting temperature of 600°C. Exhaust gases 

containing tar and benzol are cooled and then purified from solid and liquid particles using filters in the 
form of columns filled with quartz wool. The purified gas is routed through the rotameter into the valve 
system and then to the extractor and Tedlar bags. The gas flow at the inlet is 15 dm3/h and was selected 
to make it impossible to catch fine coal particles. 

Two sample collection points, where gas samples were collected for the chemical composition analysis, 
were selected. The most intense processes took place at temperatures of 950-1100oC and therefore the 

first sample was collected at 950oC, while the second at the temperature of 1050oC. 

Two phases of gas release are clearly shown in the flow analysis. The first with a maximum temperature 
of approx. 900oC and the second in the temperature range between 950 and 1100oC. The first phase 
involves the degassing of coal, where volatile components, composed of gas products and tar vapor 
formed as a result of the thermal decomposition of solid fuel without air access, are released. The 

amount of volatiles decreases with the increase of the coalification of solid fuels, which is clearly visible 
at temperatures of 950°C and higher. This is related to changes in the organic structure of the 
carbonaceous matter during the coalification process, the reduction of heteroatoms, and the increasing 
share of heat-resistant, aromatic core of structural units at the expense of the peripheral part. In the 
second phase, mainly CO and CO2, accompanied by small amounts of methane, are released (Fig.1). 
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Fig. 1 Gas flow as a function of temperature. 

Keywords: coal, reactivity, CO2, gasification 
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Longgang Gasfield is a typical platform margin, reef-shoal gas accumulation in the Permian Changxing 
and Triassic Feixianguan Formations in the Sichuan Basin. The reef-shoal gas reservoirs in Longgang 
area were favourable for gas accumulation. Reef-forming conditions and geological characteristics have 
made the reservoirs very heterogeneous and experience strong adjustment and transformation in later 
periods, showing the character as a series of isolated reef beach reservoirs. The configuration of gas 

reservoirs in Longgang Gasfield shows promising exploration prospects of platform margin oil and gas 
accumulations. Based on the chemical composition, light hydrocarbon and stable carbon and hydrogen 
isotopes compositions, in combination with the analytical data of source rocks and reservoir bitumen, 
the geochemical characteristics and origin of gas from the Longgang gas accumulation in central Sichuan 
Basin have been systematically investigated.  

The results indicate that the natural gases in reservoirs in the Changxing and Feixianguan formations in 

Longgang gasfield are dry gas and composed of alkane gases, dominated by methane with extremely 
high dryness coefficients; CO2 and H2S are generally present in the gases with a relatively low N2 content. 
The δ13C1 and δ13C2 values are in the range of -29.3‰~-37.8‰ and-23.5‰~-32.6‰ respectively, 

most of them display positive carbon isotopic series except for several specific samples. The δ13CCO2 
values are generally heavy, in the range of -3.0‰~4.2‰ and the δD1 values are in the range of-
124‰~-154‰.  

The study of C6-C7 light hydrocarbon components in natural gases from Longgang Gasfield has shown 
that the natural gases are rich in methyl cyclohexane but poor in n-alkanes and arenes. The identification 
of gas origin and gas-source correlation indicate that the natural gases in the Changxing and Feixianguan 
Formations from Longgang Gasfield are multi-genetic, mainly composed of high matured coal-related 
gases derived from the cracking of kerogen in the coal measure strata of the Permian Longtan 
Formation. The rest of the gases are derived by secondary cracking of oil generated by the sapropelic, 

oil-prone source rocks in the Permian Longtan Formation. The gases have been altered slightly by 
thermochemical sulfate reduction, which has caused the δ13C1 of methane gases be heavier. Most of the 

CO2 in the gas accumulations are mainly inorganic and derived from the interaction between acidic fluids 
and carbonate reservoirs due to the TSR process. 

Keywords: Geochemical characteristics; Genetic type 
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Low-maturity samples of kerogen Type II of the New Albany Shale (Middle and Upper Devonian to Lower 
Mississippian), and the Mowry Shale (Late Cretaceous) along with kerogen Type III samples of the 
Wilcox Coal (Eocene) were heated at 60o, 100o, and 200oC at hydrostatic ambient pressure, 100 and 
300 MPa, respectively, for 6 and 12 months to investigate temperature and pressure effect on maturity. 
The porosimetric characteristics of the samples before and after experiments were investigated by low-
pressure adsorption and SEM techniques. 

An increase from room temperature to 200oC caused an increase in vitrinite reflectance (Ro) for all these 

samples, with the Mowry Shale showing the largest increase from 0.57% to 0.65%, and the Wilcox Coal 
showing the smallest increase from 0.39% to 0.41%. For the Mowry Shale and Wilcox Coal, specific 
surface area did not change in any notable way with an increase in temperature; for the Mowry Shale, 

surface area values ranged from 2.0 to 3.2 m2/g, and for the Wilcox Coal, 1.5 to 5.0 m2/g; the values 
for these two samples at all temperatures were close to the values of the original samples. The New 
Albany Shale sample had significantly larger specific surface area, ranging from 13.7 m2/g at 60oC to 
15.6 m2/g at 200oC. Considering the higher surface area of the original samples (14.7 m2/g versus 13.7 
m2/g at 60oC and the slight increase in the surface area with temperature, we propose that these small 
differences are more likely related to internal inhomogeneity of the sample rather than to any 

temperature effect. The Wilcox Coal had a large micropore surface area (110–148 m2/g), compared to 
both shales that have a micropore surface area below 10 m2/g. The micropore surface area did not show 
any notable changes for the New Albany Shale sample, staying within a narrow range of 7.7 to 8.9 m2/g. 
In turn, the Mowry Shale showed an increase in micropore surface area at 100oC, and a decrease at 
200oC. In contrast, the Wilcox Coal showed a dramatic decrease between 60oC and 200oC. While the 
Wilcox Coal shows a drop in micropore volume between 60oC and 200oC, no distinct changes in 
micropore volume with temperature were documented for the other two samples. 

Pressure increase from ambient to 300 MPa over a period of 6 to 12 months did not change vitrinite 
reflectance values; the differences observed were very small and within the precision of the 

measurements. BET specific surface area did not show notable changes with pressure either, and the 
small differences observed could be related to internal inhomogeneity of the samples. There was no 
clear effect of pressure on micropore surface area and volume, and the changes observed could easily 
be related to sample inhomogeneity. 

SEM observations were carried out on the New Albany Shale samples, and no obvious differences in 
pore characteristics were revealed between original and treated samples, where phyllosilicate framework 
pores were the dominant pore type. They varied in size from several nanometers to several micrometers 
and could be open or filled with organic matter. Dissolution pores, typically of irregular shape were also 
present in carbonates. Intragranular pores were also represented by pores in pyrite framboids and also 

by rare organic matter pores. 

Keywords: shale, coal, maturity, porosity, temperature 
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The prediction for shale gas content with different phases is critical to shale gas reservoir evaluation 
and favorable target area optimization. The shale gas content by single well-log interpretation directly 
determines the industrial value of shale gas development in the target area.  

In this paper, based on a literature study and the actual situation of Jiangxi Xiuwu Basin, the maximum 
adsorption gas content under burial conditions was obtained by the correction of Langmuir equation and 
the calculation of total organic carbon content. The maximum free gas storage space was derived by 

deducting the volume of adsorbed gas from total pore space. The density of free gas was calculated 
using the SKR equation to obtain the maximum free gas storage capacity under burial conditions. 
Calculation methods of some key parameters of the model are also introduced.  

The results of this study show the following: The predicted TOC values and NMR logging porosity values 
matches well with the measured values; The average content of adsorption gas is 0.86cm3/g, and the 
average content of free gas is 0.95cm3/g. The adsorption gas fraction is 16% to 95% and it can reach 
60% at a depth of 1675-1685m; the free gas ratio is generally higher than 30%. The predicted gas 
content has some similarities with the measured gas content, but also has some differences. 

Keywords: gas-bearing properties, isothermal adsorption 
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In this study, we investigated how low-field NMR spectral analysis and traditional mercury intrusion 

porosimetry (MIP) compare in revealing the pore structure characteristics of shales. The comparison 
was made by performing a series of parallel experiments on five over-mature marine shales from Jiangxi 
Xiuwu basin. In order to test the results, we also carried out FIB-SEM experiment.  

The result that follows falls into three main parts: 

1) There is a good agreement between NMR and MIP in characterizing the pore structure, provided 
that blank and conformance corrections are applied to the mercury capillary pressure curves. In addition, 
since the shales have high contents of clay minerals and irreducible water has a great influence on the 
NMR T2 spectrum signal, especially in the small pores, the nuclear magnetic signal caused by the 

irreducible water must be eliminated. 
2) The pore structure characteristics of the study area is complex. The PSD of samples are mainly 
divided into two types. One type has only one peak from left to right of different magnitudes, and the 

other has two peaks. Pore radius of sample with unimodal peaks are concentrated in the 10 ~300 nm 
range, while those with bimodal peaks are mainly 10~40nm in and 400~700nm.  
3) The pore connectivity is well characterized according to the principle of NMR and MIP. The peak 
values of PSD curves transformed from T2 spectra are commonly higher than those of mercury capillary 
pressure curves and the range of the PSD curves are greater than those of the mercury capillary pressure 
curves; the smaller the difference between the two curves, the better the connectivity of the shale 

pores. The connectivity of shale pores in the study area averages 3% and the connectivity is poor. The 
results are in good agreement with the 3D FIB-SEM results whose connectivity is 3.5%. 

Keywords: NMR, MIP, Pore distribution 
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Pore characteristics of overmature shale and its controlling factors of the Wangyinpu and Guanyintang 
Formations in the Jiangxi Xiuwu Basin  

Due to the great potential for hydrocarbon generation, the Lower Cambrian Wangyinpu and Guanyintang 
Formations of the Jiangxi Xiuwu Basin have become the most important targets for shale gas in the 
province. In this paper, we investigate the pore structure characteristics and their main controlling 
factors through the use of field emission-scanning electron microscopy, image-processing software 
[Pores/Particles and Cracks Analysis System (PCAS)], X-ray diffraction (XRD) mineral analysis, maceral 
analysis, and gas-adsorption experiments.  

The results of this study show the following:  

(1) the total organic carbon (TOC) content of the Wangyinpu and Guanyintang Formations is generally 
high with an average of 7.64%. The vitrinite reflectance equivalent (%Ro) of kerogen varies from 3 to 
5% which indicates that the organic matter is in over-mature stage. The shales are dominated by 
siliceous and clay minerals in which illite is dominant. A small amount of calcite and pyrite are present.  

(2) organic matter (OM) pores are the most commonly developed, followed by intraparticle (intraP) 
pores and interparticle (interP) pores in inorganic matrix. Pore development degree increases in the 

order of macropore, micropore, and mesopore. Combined with image-processing technology, these 
analyses show that the micropores come mainly from organic matter. The mesopores primarily have 
pores from organic matter as well as inorganic mineral intergranular pores. Macropores are from the 
pores in organic matter, inorganic mineral intergranular pores and intragranular pores of contribution.  

(3) The organic matter content and the maturity are main controlling factors for the development of 
pore structures. In addition, macropores are contributed by feldspar due to its easy dissolution while 

micropores and mesopores are weakly associated with pyrite. Both illite and chlorite contribute weakly 
to surface area and microspore volume. 

Keywords: Organic matter pores 
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Previous evidence from pyrolysis experiments suggests that water provides a source of hydrogen during 
conversion of kerogen to petroleum. The presence of exogenous hydrogen results in the formation of a 

saturate-rich exudate (oil) under hydrous conditions whereas anhydrous pyrolysis creates primarily an 
aromatic pyrobitumen residue and less oil (Lewan, 1997; Behar et al., 2003; Lewan and Roy, 2011). 
The formation of pyrobitumen rather than oil is thought to result from cross-linking polymerization and 
aromatization as opposed to thermal cracking of original oil-prone kerogen. However, new organic 
petrography and micro-Raman observations suggest thermally-generated solid bitumens that form from 
kerogen conversion under anhydrous conditions are less aromatic (although possibly more cross-linked) 

than those formed under hydrous conditions at the same time-temperature combination. These results 

may suggest previous models for the role of water during petroleum generation are incomplete. 

Organic-rich oil shales from the lacustrine Green River Mahogany Zone were pyrolyzed under hydrous 

and anhydrous conditions at temperatures between 340 and 360°C. Solid hydrocarbons (thermally-
generated solid bitumens derived from kerogen conversion) in the pyrolysis residues are being analyzed 
via optical (petrographic point-counting and reflectance), spectroscopic (micro-Raman, micro-Fourier 
transform and electron energy loss) and transmission electron microscopy to quantify differences in 
relative appearance, abundance and composition, supplemented by bulk geochemical measurements 
(for example, nuclear magnetic resonance). 

Here, we present preliminary results from petrographic observations, reflectance, and micro-Raman 
measurements of solid bitumens generated in the Mahogany Zone during 72 hour anhydrous and 
hydrous experiments at temperatures of 340°, 350°, and 360°C. Solid bitumens in residues of 

anhydrous experiments at all three temperatures entrained significantly more mineral matter than the 
solid bitumens from hydrous experiments, suggesting a higher viscosity liquid (e.g., Junaid et al., 2014), 

which implies increased cross-linking during formation. Further, solid bitumen reflectance (BRo), a proxy 
for aromaticity (e.g., Carr and Williamson, 1990), suggests lower aromaticity in solid bitumens 
generated under anhydrous conditions compared to solid bitumens generated in hydrous experiments 
at the same temperatures. The difference in reflectance between hydrous and anhydrous solid bitumens 

widens with increasing pyrolysis temperature; at 340°C, reflectance of hydrous solid bitumen is 13% 
greater (0.49% BRo vs. 0.43% BRo), whereas at 350° and 360°C the reflectance of hydrous solid 
bitumens is 34% (1.00% vs. 0.71% BRo) and 39% (1.31% vs. 0.88% BRo) greater, respectively. Micro-
Raman spectra show higher structural order in the solid bitumens of hydrous experiments as indicated 
by relative decreases in width of the graphitic band (G near 1590 cm-1), relative decreases in position 
of the disordered band (D near 1360 cm-1), and relative increases in the band intensity ratio ID/IG. These 
results are consistent with previous research which related the same Raman spectral parameters to 

solid bitumen and vitrinite reflectance values (Hinrichs et al., 2014; Zhou et al., 2014). 

Experimental quantification of differences in the appearance, abundance and compositions of solid 

hydrocarbons residual from kerogen conversion under anhydrous and hydrous conditions can be 
extrapolated to naturally matured source rocks in frontier basins. Therefore, results from this ongoing 

study could potentially be used to better estimate the availability of hydrogen during kerogen 
conversion, possibly leading to better predictions of petroleum charging history. That is, characterization 
of the solid hydrocarbons occurring in spent source rocks could improve predictions of the relative 
abundance of water present during maturation in the geologic past, providing new information about 
the volume and quality of generated oils. 
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The Horn River shale sequence, which is composed of Muskwa, Otterpark and Evie members, is an 
important shale gas resource in the Western Canada Sedimentary Basin. However, because the organic 

rich shales in the Horn River Basin are mainly composed of Type IV kerogen, it is limited to estimate 
original kerogen types from conventional organic geochemical data. The kerogen type depends on 
interactive process of input and preservation of organic matter. The organic matter in marine sediment 
are mainly supplied from biogenic productivity and terrestrial sediment input, whereas preservation is 
controlled by oxygen contents of bottom water. The inorganic geochemical proxies reflect productivity 
(EX-SiO2 and Baauth), terrestrial sediment input (Al2O3, Zr, Hf, and Nb) and oxygen content in bottom 

water during deposition (Moauth, Uauth and Th/U).  

In this study, we interpreted depositional conditions and then reconstructed the original kerogen type 

by using the inorganic geochemical proxies. The Evie and Muskwa members were deposited under 

condition of high productivity, minor terrestrial input and reducing conditions. This indicates that Type 
II kerogen dominated during the deposition of the Evie and Muskwa members.  

On the other hand, low productivity, high terrestrial sediment input and suboxic conditions more likely 
influenced the preservation of Type III kerogen in the lower and upper Otterpark Member. The middle 
Otterpark Member shows slightly enhanced productivity with constant detrital sediment input, compared 
with the lower and upper Otterpark Member and was deposited under anoxic condition similar to the 
Muskwa Member, indicating that a mixed kerogen type from both plant and marine sources. 

Keywords: shale gas, original kerogen types 

  



75 
 

Coal seams No. 358/1 and 364/2 in the Budryk mine – sedimentation conditions, 

stratigraphic position and petrographic properties  

Jelonek, Iwona1*, Zbigniew Jelonek, Marta Kasprzyk1 and Marcelina Kondas1  

1University of Silesia in Katowice 
2PetroCoal.pl 
*presenting author 
 

The paper is focused on the analysis of petrographic properties: the rank of coal, maceral and 
microlithotype content, and physico-chemical properties have been studied in order to reproduce the 
trend of facies development of the No. 358/1 and 364/2 occurring in the “Budryk" mining area. The 
tested seams of lithostratigraphic profile belongs to Orzesze Beds representing the upper part of 
mudstone series (Moscovian). 

Coals from the No. 358/1 and 364/2 seams are characterized by the variability of petrographic 
composition. The No. 358/1 seam is macroscopically dominated by bright coal and banded dull coal, 
while bright coal occurs in smaller quantities in the bottom part of the seam. The No. 364/2 seam is 

macroscopically dominated by bright coal and banded bright coal, while dull coal occurs in smaller 

quantities in the middle part of the seam. Small amounts of lenses of fibrous coal occur in the form of 
lenses in the second layer (going from top to bottom of the seam) of dull coal. 

Based on the vitrinite reflectance, with average value in the seam of R0 = 0.94%, the average moisture 
content of 3.5% and the average heat of the combustion (31964 kJ / kg) according to the UNECE 
International Classification of In-Seam Coals (1998), the coal from the No. 358/1 seam can be classified 
as medium-rank C bituminous coal. However, according to the Polish classification, it is classified as 
ortho bituminous coal (type 32.2). 

According to the UNECE International Classification of In-Seam Coals (1998), the coal from the No. 
364/2 seam is also classified as medium-rank C bituminous coal, while according to the Polish 
classification, it is classified as ortho bituminous coal (type 32.2). The average reflectance of coal from 
the No. 364/2 seam is R0 = 0.92%, the average calorific value is 32190 kJ/kg, and the analytical 

moisture amounts to 2.3%. 

Using petrographic analysis, an attempt to interpret the trend of facies development and the depositional 

environment of coal from the floor to the roof of the No. 358/1 and 364/2 seams has been done. The 
test results were interpreted on the basis of quantitative variability of individual macerals in the seam. 
Based on the gelification index (GI) and the tissue preservation index (TPI) by C.F.K. Diessel (1992), 
four zones in the No. 358/1 seam, going from the floor of the seam, have been determined. The first 
zone is characteristic for the high peat bog facies and is interlayered with the second zone dominated 
by reed and forest facies, while the entire third zone is associated with forest facies, and the fourth, the 

highest lying area, is dominated by forest and high peat bog facies. In the case of the No. 364/2 seam, 
five zones have been determined. The first zone, going from the floor of the seam, is dominated by 
forest facies, while the second zone is composed of forest facies interlayered with high peat bog facies, 
the third zone is composed of reed facies, fourth is dominated by forest facies, while the last fifth zone 
is composed of high peat bog and forest facies. 

The available data on the petrographic structure of the No. 358/1 and 364/2 seams is extremely valuable 
when developing the mine traffic plan due to the difficulties that may arise during the exploitation of 
seams. On the other hand, it has a “purely” cognitive level related to the possible restoration of the 

depositional environment of coal seams. 
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The industrial scale research project conducted as part of the collaboration between the University of 
Silesia in Katowice (Poland) and Trinec Zelezarny (Czech Republic) has shown the relationship between 

the reactive part of coal and the work needed to push the coke (kWh) from the coke oven battery 
(optimization of energy consumption during coke pushing). 

A total of three series of tests were carried out on an industrial scale, including 14 tests of the coal 
blends of special composition. The basic rule when composing coal blends was to include the widest 
possible share of coal with the maximum variable degree of coalification, based on the capabilities of 
classical high-temperature carbonization process. 

The above observations were the starting point when selecting both the physico-chemical and 
petrological laboratory measurements. It should be emphasized that only a comprehensive 
micropetrographic examination (including both technical and elementary analysis) provided sufficient 
data for drawing conclusions. The study used modern classifications, including international UN 
Economic Commission for Europe (ECE, 1995) and the industrial codification of this Commission based 

on petrographic parameters, where the type is represented by the maceral groups or the reactive 
inertinite content, while the main parameter of coal rank is the vitrinite reflectance (Rr). 

The obtained results were subjected to comparative analysis and statistical analysis. A series of 
comparisons and charts, including summary charts of the main features, histograms of examined 
parameters and correlation graphs of two and three variables (3D), were developed. The variability 
indicators and the interrelationship between parameters were determined. 

On this basis, a model that will be used for predicting the work required to push coke (kWh) from the 

coke oven battery, crucial for both the efficiency and safety of blast furnace coke production process, 
has been developed. Further tests aimed at confirming and clarifying the effectiveness and repeatability 
of the proposed methods will be carried out on an industrial scale. 

To summarize: The second area of cooperation between the University of Silesia in Katowice (Poland) 
and Trinec Zelezarny (Czech Republic) has carried out under the COAL RATIO project was associated 
with the practical use of petrographic studies for predicting the CSR and CRI parameters (Kruszewska 

K., Jelonek I., Czudek S. and Herman R., 2013).  Precise data on petrographic data serve not only to 
predict coke quality but also as a useful and safe tool for optimally control production of blast furnace 
coke. Statistics show that the varying degree of coalification of all macerals present in coal blends 
changes the composition of the important variables in the models used for predicting the work required 
for pushing coke. Given the particular conditions at Trinec coking plant, the work needed to push the 
coke can be predicted on the basis of the model presented below: 

Work = 0.2341749523 (0.04059928156) + 0.00310421233 (0.001087654451) * Total I + 

0.0001463286463 (4.181672685E-005) * Fmax 

*Where Total I – The total inertinite content in the feed for coke production (%) and Fmax – The 
plasticity determined according to Giesseler (ddpm) 
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Two undeveloped coal deposits at Ćwiklice and Dankowice in the southern part of the Upper Silesian 
Coal Basin (USCB) were tested for coalbed methane (CBM) extraction in the 1990s by the Amoco and 
Metanel Companies. In the neighbouring area of Międzyrzecze, the PGNiG Company with the Polish 
Geological Institute are currently testing CBM potential using a surface-to-inseam horizontal well that 
intersects a vertical production well. 

In these areas, a thick (< 1 000 m) package of coarse-grained channel sandstones belonging to the 
Cracow Sandstone Series (CSS) in the uppermost part of a Carboniferous sequence is covered by a 200 

m thick series of the Miocene clays. In the Mudstone Series (MS) beneath the CSS, siltstones and 
mudstones prevail over sandstones. The deeper-lying Upper Silesian Sandstone Series, reached only by 
a few of the deepest bore holes, is characterized by sandstones hosting coal seams several meters thick. 
The Jawiszowice Fault that crosses the north part of the area has a throw of several hundred meters 

and is a regional USCB dislocation. Within the entire Carboniferous profile, high-volatile coal (Ro < 1%) 
predominates. 

Methane contents define a low-methane zone reaching to a depth of several hundred meters above a 
high-methane zone. However, in the profiles of a few bore holes, a near-roof methane-bearing zone 
occurs. The pattern of methane variability at depth is transitional between the northern- and southern 

USCB patterns of methane distribution described by Kotas (1994).         

Maps of methane contents (G), moisture (Ma) and ash contents (Aa) were made for the levels of 150, 

550 and 950 meters below sea level to determinate the spatial distribution of methane within the area. 
Langmuir sorption isotherms from two bore holes were analysed. Analyses of the maps and sorption 
isotherms underpin the following statements. 

The top of high-methane zone (G>4.5 m3/t coal daf) goes from 200 to 1200 meters below sea level 
(475 – 1475 m below the area surface) towards the central part the area in parallel with the top of MS 

and with increasing CSS thickness. Within the central part of the Ćwiklice area, the thickness of the CSS 
is greatest and the methane content is clearly less ( < 4 .5 m3/t coal daf). The most methane-rich area 
(>8.0 m3/t coal daf below 200 m under sea level) is the Międzyrzecze area to the north-west of the 
Ćwiklice area. 

The fall in methane contents in coal seams in the Ćwiklice area is due to the occurrence there of porous 
and permeable sandstones in the profile with porosities < 30%. Moreover, these sandstones have 

moisture contents >3%. Permeable sandstones facilitate natural outgassing of the coal seams and high 
moisture contents can have a negative influence on the sorption capacities of the coal seams. The 
vertical distribution of moisture content Ma and methane content G shows that G>8-10 m3/t coal daf is 
adequate for coal seams in which Ma does not exceed 5%. 

The saturation of coal seams with methane varies from 14% at 1075 m to 87% at 1140 m and likely 
depends on maceral composition.  The predominance of inertinite (< 6 0%) reduces the methane 
saturation of coal by ca 20%. Coals from the area display substantial undersaturation with methane 

(13-86%). 

Coal permeability tests for the southern part of the USCB reveal that up to a depth of 1000 m, 
permeability values are scattered (0.02-18 mD) but that, at greater depths (>1000 m), a clear trend of 
falling permeability from 3 to 1 mD with increasing depth is evident (Kędzior and Jelonek, 2013; Mc 

Cants et al., 2001). Thus, the coals are weakly permeable for gases. 

From the point of view of CBM recovery, the southern part of the Międzyrzecze region located to the 
north of Jawiszowice Fault seems to be the most favourable. Methane contents are relatively high (>8 

m3/t coal daf) down to a depth of 1200 m in this area where coal seams in the MS are vitrinite-rich and 
relatively thick (>1 m, e.g., seams no 405 and 407). Methane affluence, defined as how much methane 
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fells on each 1 m2 of the surface, amounts 100-200 m3/m2 for the Międzyrzecze area and 90-150 m3/m2 
for Dankowice. The interval between 150-550 m below sea level (425-825 m below the area surface) is 
the most methane-rich.   

In conclusion, conditions for CBM exploitation improve towards the north-east with increasing methane 
contents and affluence. However, relatively low coal permeabilities and methane saturation levels could 
make CBM recovery more difficult. 
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Shale gas production from two important gas shales from Lower Silurian Longmaxi Formation and Lower 
Cambrian Shuijingtuo Formation in Upper Yangtze area, Southern west China are evaluated by 
measuring canister gas released at both reservoir and elevated temperatures, and their chemical and 
isotopic compositions are also analyzed. 

The total shale gas content of Longmaxi Shale and Shuijingtuo Shale released at reservoir and elevated 
temperature (up to 90 °C) varies from 0.85 to 0.95 m³/t and 2.23 to 2.73 m³/t, respectively. Whereas, 
the gas volume released at reservoir temperature varies from 80% to 87% of the total released gas 
volume in Longmaxi Shale and 41% to 75% in Shuijingtuo Shale. With respect to the volume of gas 
released at reservoir temperature, δ13C values of methane show an exponential increase from 13.7‰ 

to 16.2‰ within Longmaxi shale gas and 7.2‰ to 8.3‰ within Shuijingtuo shale gas.  At elevated 

temperatures (60 °C and 90 °C), a similar trend are observed except for a sudden drop in the δ13C 
values, which shows similarity of δ13C trends to those observed after secondary fracturing. The released 
gas content and methane carbon isotope variation at reservoir and elevated temperature may give us 
new insight predicting shale gas production.  

Keywords: Shale gas; Methane carbon isotope 

  



81 
 

Chemical relationships between kerogen and bitumen fractions of mature Jurassic 

to Early Cretaceous Vaca Muerta Formation; insights from organic petrography and 

FTIR techniques  

Malachowska, Aleksandra1, Maria Mastalerz2, LaBraun Hampton2, Jan Hupka1 and Agnieszka 

Drobniak*2 

1 Gdansk University of Technology 

2 Indiana Geological Survey 
*presenting author 

The chemical characteristics and origin of Bitumen I and Bitumen II were investigated in shales of the 
Jurassic to early Cretaceous Vaca Muerta Formation in Argentina. Bitumen I was readily accessible by 
organic solvent extraction, whereas Bitumen II remained trapped within the mineral and kerogen matrix 
and required hydrofluoric acid for its release. FTIR analysis documented that Bitumen I was more 
aliphatic than Bitumen II and that Bitumen II expressed similarities with the kerogen of these shales. 
These differences and relationships among bitumen fractions and the maceral composition suggest that 
Bitumen I is a transformation product of fluorescent macerals, whereas Bitumen II is a transformation 

product of non-fluorescent macerals, especially non-fluorescent amorphous organic matter. Comparison 

of bitumen quantities and chemistry to Rock-Eval pyrolysis and gas chromatography data suggests that 
Bitumen I is a mobile fraction, whereas Bitumen II constitutes an immobile fraction of hydrocarbons in 
the studied rocks. 

Keywords: kerogen, macerals, bitumen, shale, FTIR 

  



82 
 

Upper Jurassic-Lower Cretaceous Palynostratigraphy of the Husky Formation, 

Northwest Territories, Canada  

Nguyen, Anne V.1*, Jennifer M. Galloway1,2, Benoit Beauchamp1, Alexander Dutchak1, Terry 

Poulton2 

1University of Calgary, Calgary, AB 
2Geological Survey of Canada, Calgary, AB 
*presenting author 

The Mackenzie Delta area, Northwest Territories, is of major interest in petroleum exploration since the 
discovery of organic-rich rocks with hydrocarbon potential in the region. In this study, we investigate 

potential Upper Jurassic-Lower Cretaceous petroleum source rocks. Evaluation of hydrocarbon resource 
potential in Canadian frontier basins relies on accurate regional correlations between rock units. Detailed 
chronostratigraphy between these rock units is, however, limited by the globally undefined Jurassic-
Cretaceous system boundary in the Geological Time Scale. The boundary is difficult to define for many 
reasons, including a lack of change in flora and fauna across the transition, a paucity of index fossils in 
northern high-latitude regions, and biogeographical provincialism of Boreal and Tethyan biota. In 

comparison to other macro- and microfossils, palynomorphs are abundant, pervasive and exceptionally 

well-preserved in both Tethyan and Boreal provinces, allowing for potential to improve the 
chronostratigraphy of Mesozoic source rocks and interpretations of Jurassic-Cretaceous depositional 
environments, paleoclimates, and terrestrial and marine ecosystems in which palynomorphs occur. 

Palynological samples were collected from the Husky Formation, a mudstone- and siltstone-dominated 
rock unit located in the Aklavik Range of the Mackenzie Delta area, Northwest Territories. The Husky 
Formation has four members; in ascending order, they are the Lower, Arenaceous, Red-weathering, and 
Upper members. The presence of the bivalve Buchia okensis, which is considered diagnostic of the 
Berriasian, in the first few metres above the Arenaceous member suggests that the Jurassic-Cretaceous 

boundary may exist at, or near, the contact between the Areneacous and Red-weathering members. 
Using quantitative statistical analyses on spores, pollen grains, and dinoflagellate cysts, we are able to 
produce a palynological signature that can be integrated with rare occurrences of bivalves and/or 
ammonites. This study aims to: i) provide insight on Mesozoic paleoenvironments and paleoecological 
dynamics in northern high-latitude regions; ii) help define the Jurassic-Cretaceous boundary to improve 
regional correlation of Jurassic-Cretaceous source rocks in the Mackenzie Delta area; and iii) expand on 
the stratigraphic and depositional history of Arctic Canada. 
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The study of tight gas accumulation has attracted much attention in recent years. Whether the natural 
gas can move on a large scale in tight reservoirs is one of the focuses of this study. In this paper, the 
typical tight gas reservoirs in the Central Sichuan Basin are studied from the perspective of natural gas 

geochemistry. The results show that the tight gas accumulation in the Xujiahe Formation in Central 
Sichuan is in situ and the natural gas has not experienced large-scale migration. 

The central Sichuan area is located in the middle of the Sichuan Basin. The coal measures in upper 
Triassic Xujiahe Formation are generally 550-650 m thick. The total thickness of the sandstone is 200-
340 m, and the cumulative thickness of the dark mudstone and coal seam is 100-300 m. From bottom 
to top, the Xujiahe Formation contains Xu-1 Member (T3x1) to Xu-6 Member (T3x6), among which, the 

Xu-1 Member (T3x1), Xu-3 Member (T3x3) and Xu-5 Member (T3x5) are predominantly coal-measure 
source rocks that mainly generate gas, with thin sandstone interlayers. The Xu-2 (T3x2) Member, Xu-4 
Member (T3x4) and Xu-6 Member (T3x6) are dominated by grayish white, gray fine to medium sized 

sandstone, with minor grayish black mudstone and thin coal seams. These formations can serve as 
reservoirs. The source rocks and reservoirs overlap each other and have good gas accumulation 
conditions. These tight sandstone reservoirs contain a large area of gas, and a series of large tight gas 
fields, such as Guang'an, Hechuan, Tongnan and Anyue (Xujiahe gas pool) etc. has been found. 

There is a significant difference in the natural gas geochemical characteristics between the upper and 
lower gas reservoirs in the vertical direction, indicating that there is no obvious vertical migration of 
natural gas. Horizontally, the phenomenon of natural gas lateral migration between gas fields did not 
occur. All this shows that large-scale migration of natural gas does not occur in Xujiahe Formation of 
Central Sichuan Basin and the tight gas is an in situ accumulation. 

Keywords: Sichuan Basin, Xujiahe Formation, coal 

  



84 
 

Source rock potential of Paleogene coals and coaly mudstones from the Urahoro 

Group in the Kushiro basin, eastern Hokkaido, Japan  

Takahashi, Koji1*, Takeshi Nakajima1, Yuichiro Suzuki1,
  Sumito Morita2, Takayuki Sawaki3 and 

Yasuaki Hanamura4  

 
1Research Institute for Geo-Resources and Environment, Geological Survey of Japan, National Institute 
of Advanced Industrial Science and Technology, Tsukuba, Japan 
2Research Planning Office, Geological Survey of Japan, National Institute of Advanced Industrial Science 
and Technology, Tsukuba, Japan 
3Geoinformation Service Center, Geological Survey of Japan, National Institute of Advanced Industrial 
Science and Technology, Tsukuba, Japan 
4JX Nippon Oil & Gas Exploration Corporation 

 *presenting author 
 
Cenozoic coals and coaly sediments have the potential to generate oil, which is related to the abundant 
hydrogen and aliphatic structures in Cenozoic coals compared with Carboniferous ones. Cenozoic coal 
strata, therefore, are important source rocks for oil and gas. The Kushiro Paleogene sedimentary basin 
in the outer zone of the eastern Hokkaido is one of the most important coal-bearing basins in Japan. 

The abundant coal seams in the sedimentary basin have been exploited as the Kushiro Coal Field since 

the 19th century. The Urahoro Group comprises the major coal-bearing stratigraphic succession in the 
Kushiro sedimentary basin and was deposited during the middle to late Eocene. However, the 
hydrocarbon potential of coal and coaly mudstones of the Urahoro Group is still unclear. In the present 
study, we evaluated the maturity and source rock potential of coals and coaly mudstones from the 
Urahoro Group based on Rock-Eval pyrolysis, elemental composition (atomic H/C and O/C), and ultimate 
analysis. 

A total of 24 samples including coals and coaly mudstones of the Urahoro Group were collected from 13 
outcrops. According to the calorific values (dry ash free basis, in kcal/kg), the coals of the Urahoro 
Group are classified as subbituminous and bituminous. The thermal maturity of the organic matter in 

the analyzed samples is evaluated based on the Tmax of the S2 peak. The Rock-Eval Tmax values range 
from 413 to 430 ºC, indicating the immature to early mature stages of thermal maturity. The Urahoro 
coal samples fell between Type II and Type III pathways on the van Krevelen plot of atomic H/C versus 
O/C. The Hydrogen index (HI) values of most of the samples are also above 200 mg/g TOC. These 
results suggest that the organic matter in the coals and coaly mudstones of the Urahoro Group has 

higher hydrocarbon potential than that of Carboniferous coals. 

Eocene coal-bearing strata are also widely distributed from north to south in the Ishikari sedimentary 
basin in central Hokkaido. The Yufutsu oil and gas field in south-central Hokkaido is one of the largest 
petroleum fields in Japan, producing oil and gas, derived mainly from coaly sediments of the Eocene 

Ishikari Group. The Rock-Eval Tmax values of the Urahoro samples were slightly lower than those of the 
Ishikari coals and coaly shales, whereas the HI values of the Urahoro samples are similar to those of 
the Ishikari samples. This result suggests that hydrocarbon potential of the coals and coaly mudstones 
of the Urahoro Group is almost the same as that of the Ishikari Group. The geochemical comparison 
between the Urahoro and Ishikari Groups provides useful information on the petroleum potential of the 
Kushiro sedimentary basin. 

Keywords: Cenozoic, Coal, Rock-Eval, Source rock 
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Based on the coal and gasified residues from the coal to methanol plant (Texaco coal slurry gasification) 
and coal to olefins plant (GSP dry coal gasification) in Ningdong coal chemical industry, changes in the 
mode of occurrence of hazardous trace elements occur during the coal gasification process. These were 
studied systematically using X-ray diffraction, scanning electron microscopy, sequential chemical 
extraction, inductively coupled plasma mass spectrometry and other methods. 

The results show that most of the hazardous trace elements in coals vary in modes of occurrences. After 
high temperature and high pressure gasification, Cu, Zn and Sb give priority to silicate state; the 

proportion of Be, V, Cr, Co and U has increased in the carbonate state of the residue, which is between 

56.87% and 91.68%; the proportion of Ni, Mo, Cd, Pb and other sulfur-containing elements in the sulfide 
state of the residue has increased, and the content is up to 29.03% - 84.32%; In addition, after high 
temperature and high pressure environment, water-soluble Tl has increased significantly. The 
proportions of water-soluble Tl in the fine residues from two gasification plants are 31.89% and 55.95%, 
respectively. It is very likely to cause groundwater pollution, and it should be taken seriously. Arsenic 
is enriched in the residues and occurs as silicate (45.06%~71%) and sulfide (11.63%~64.08%); Hg 
mainly occurs as aluminosilicate (32.35%~100%) and sulfide (40.59%~54.55%). 

Keywords: coal gasification, residues, hazardous trace 
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The Liulin district is one of the important mines for coking-coal producing basement in Hedong coalfield, 
eastern Ordos basin, China. This study analyzed petrological and geochemical compositions of Early 
Permian coals from eastern Ordos basin, China, by using SEM-EDX, ICP-MS, DMA-80, some samples 

are analyzed by XRD on mineralogical composition. Both No.3 and No.4 Coals are classified as medium 
volatile bituminous coals. While, the No.3 Coal is low-ash (15.2% on average) coal, the No.4 Coal is 
special low-ash (5.0% on average) coal, and both are super-low sulfur coal, with range of 0.30-0.48% 
and 0.36-0.59%, respectively. Major minerals in both coal seams were clay minerals (mainly presented 
as kaolinite) and quartz, pyrite was also detected in partings.  
 
Petrological analysis showed that vitrinite was the dominant maceral group (up to 90.2 vol%), which 

was more enriched in No.3 Coal than in No.4 Coal, nearly all the subgroups could be detected in these 

coals. High concentrations of SiO2, Al2O3, and their significant correlation to ash yield are corresponding 
to enriched kaolinite occurrence, other major elements oxides (Fe2O3, MgO, Na2O and MnO) occurred in 
sulfide. The No.3 Coal contains higher elemental concentrations than the No.4 Coal due to high mineral 
contents, is enriched in Li, Be, Cu, Ga, Zr, and In. The elements-association analysis showed that the 
majority trace elements (Li, F, As, Rb, Zr, Cd, Cs, Ba, Hf, Tl, Pb, and Th) occurred as inorganic affinities, 

existing in minerals (mainly in silicate-aluminates). The petrological compositions (GI-TPI, GWI-VI) 
suggested the studied coals were deposited in limnic and wet forest peat swamp. 

Keywords: geochemistry, Early Permian coals, elements occurrence, paleoenvironment, Ordos basin 
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Hydrogen-rich coal (hydrogen content>5.0%) has good hydrocarbon generating abilities, but the 

organic geochemical characteristic of this coal type has not been studied in depth. In this work, the 
organic geochemical characteristics of three hydrogen-rich coals were studied by combining coal 
petrology and organic geochemistry methods. The hydrocarbon-generating potential was discussed by 
Rock-Eval method.  
 
Three coal samples were selected from Leping, Fushun and Shuicheng areas in China. The results 

showed that hydrogen contents of three samples used are 6.14%, 5.00%, and 8.06%, respectively. For 
maceral composition, barkinite content in Leping coal reaches 67.1%, resinite in Fushun coal is 9.5%, 
and alginite in Shuicheng coal up to 73.8%. The types of three samples are type II kerogen. However, 
the type of Shuicheng coal near to type I kerogen and that of Fushun coal is type III kerogen. Gas 
chromatograms obtained from the samples are dominated by long chain n-alkanes (n-C21 to n-C25) and 

high Carbon Preference Index (CPI) values, indicating terrestrial organic matter input. The organic 
geochemical parameters obtained from mass spectrometer data on m/z 191 and m/z 217 indicate that 

coal rich in hydrogen used were formed under relatively oxic conditions. 

 

Keywords: coal; hydrogen; organic geochemistry; forming 
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Organic matter (OM) pores are one of the most important components of the pore networks, which are 
widely recognized as the dominant contributors to the porosity and hydrocarbon storage in shales. The 
characterization (the shape, size and distribution) of OM pores have been studied mainly via scanning 
electron microscopy (SEM), gas adsorption, mercury intrusion, small-angle neutron scattering or 
computed tomography (CT). However, most studies only focus on marine shales which primarily 

contained oil-prone Type II or Type I kerogen and neglect the marine-continental transitional shales 
which are characterized by terrigenous Type III kerogen. Marine-continental transitional shales are 
typically enriched in vitrinite and inertinite macerals as oppose to liptinite-rich marine shales. The 
different maceral compositions and kerogen types may result in different characterization of OM pores 
in marine-continental transitional shales. 

There are many structural pores in OM in marine-continental transitional shales. These unique OM pores 
showed rectilinear alignment with the underlying structure and heterogeneity within grains. The features 
of these pores are similar to those observed in some plant materials and coal macerals. These pores are 
more developed in the immature shales, and their pore size is large ranging from hundreds of 

nanometers to several microns. These structural pores are difficult to find in the highly postmature 
shales which are commonly isolated, elongate, and polygonal and round-oval because most of them 
have been severe compacted or filled with clay minerals. These unique OM pores are not developed in 
the marine shales from immature to highly overmature; however, hundreds of elliptical, round pores 
can be observed in single OM particle in the highly overmature marine shales. These abundant OM pores 
are thought to develop during thermal maturation as generated hydrocarbons are expelled from the OM, 
with pore sizes within the several hundreds nanometer ranges. Although the transitional shales contain 

such OM pores in the highly overmature stage, their quantity is significantly lower. Type III kerogen has 
a smaller volume loss associated with devolatilization during maturation compared to Type I and Type 
II kerogen, and the high inertinite (relatively unreactive) content in OM of the transitional shales 
seriously restricts OM pore development. Obviously, OM type is an important factor in determining OM 
pore development. 

Keywords: Coal-bearing shale; Organic matter 
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The Minami-Kanto gas field is located in the southern Kanto Plain, central Japan (Fig. 1). In this gas 
field, gas is dissolved in the formation water and consists most of biogenic methane. The reservoir rocks 
are marine sediments of the Plio-Pleistocene Kazusa Group. Today, the gas is commercially produced 

mainly in the eastern area of the gas field. 

We found a highly diverse methanogen community in formation waters from the gas field (Mochimaru 

et al. 2007; Katayama et al. 2015). Radiotracer experiments using core sediments suggested that 
microbial methanogenesis occurs in situ in the samples with carbonate reduction as the main pathway 
(Yoshioka et al. 2015). Long-term (tracer-free) incubation experiments using the core sediments 
showed that intense methane production took place in the samples after a lag time of over 100 days. 

While abundance of inorganic carbon and dissolved organic carbon did not significantly change during 
the incubation, that of sedimentary organic carbon decreased, implying the carbon in the produced 
methane was derived from sedimentary organic matter. The carbon content of methane produced was 

equivalent to about 5% to 18% of total organic carbon (TOC) in the original sediment samples. 
Abundance of bitumen such as alkanes, aromatic compounds, and fatty acids extracted from the 
sediments also did not significantly change during incubation. It is likely therefore that kerogen was the 
major source of carbon in the produced methane. Our results indicate the potential of subsurface 
microbes to metabolites a substantial fraction of fossil, recalcitrant sedimentary organic matter for 
methanogenesis. 

 
 

Fig. 1 Location of the Minami-Kanto gas field 
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The coal consumption for thermal power generation has accounted for approximately 70% of the 
Chinese coal consumption in recent years. It may have generated a considerable amount of fly ash (FA), 
slag and flue gas desulfurization (FGD) gypsum, which are still increasing in China. There are    a large 
amount of trace elements (TEs) contained in the ashes, in which some heavy TEs could cause 
environmental harms, and some TEs could be used as potential resources. Therefore, trace elements in 
coals and ashes have attracted a lot of attention, for avoiding the harms to environment or pursuing 
commercial value. Baiyinhua coal field in Inner Mongolia, China has a wealth of coal reserves which 

reach approximate 14 billion tonnes. A pithead power plant was built adjacent to the coalmine, and its 
ashes were stacked in the ash dump. 

In total, twelve samples were systematically collected, including four coal samples which were collected 

from the four opencast coalmines of Baiyinhua coal field; six FA samples and two slag samples which 
were collected at the different positions according to the length of the stacking time; and four soil 
samples which were collected according to the distance from the ash dump. All of the samples were 
sieved into three ranges of particle size (< 150 µm, < 75µm, and < 38 µm). The mineralogy, chemical 
composition and morphology of the samples were characterized respectively by the X-ray diffraction 
(XRD), X-ray fluorescence (XRF) spectrometry, and environment scanning electron microscopy 

combined with energy dispersive X-ray spectrometry (ESEM-EDX). The trace element contents were 
determined by the atomic fluorescence spectroscopy (AFS) and inductively coupled plasma-mass 
spectrometer (ICP-MS). The results show that the mineral matters in the FA include quartz, mullite, and 
anorthite, and those in the slag include quartz, magnetite, hematite, and anorthite. The arsenic content 
in feed coal is high, up to 44.4 µg/g, and the arsenic content in FA is much high, which could reach 181 
µg/g. The arsenic content in slag is evidently lower than the FA, which is 24.4 µg/g. By the EDX analysis 
of fly ash, the range of arsenic content in the FA is 0 ~ 1.18%, and the average arsenic content is 0.3%. 

Compared the element concentrations in samples with the reported data for elements in global hard 
coal ashes (ash basis), the elements enriched in the FA include As, Cs, and Hf, and the depleted elements 
include Be, Mo, Cd, In, La, Gd, Dy, Ho, Tm, Lu, W, Tl, Bi, U, and Zr. All the trace elements in the smaller 

particles of FA are higher than larger ones, except for Y and Re, while the elements enriched in smaller 
particles of slag only include Li, Zn, Ga, Rb, Mo, Cd, In, Sb, Cs, Nd, Tl, Pb, Bi, and Th. 

Keywords: High arsenic coal; High arsenic fly ash; Coal-fired power plant; Ash dump; Inner Mongolia, 
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